Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



TRAINS IN GIRDERS 



^ORMUL^ & DIAGRAMS 



HUMBER. 



y 



\ 




l^-o; 



f 



HANDY BOOK 

FOR THK OALOULATION OF 

STBAINS IN GIRDERS 

AND SIMILAR STRUCTURES. AND THEIR STRENGTH ; 

CONSISTINa OF 

FORMULiE AND CORRESPONDING DIAGRAMS, 



WITH 



NUMEROUS DETAILS FOR PRACTICAL APPLICATION, 

ETC., ETC. 

By WILLIAM HUMBER, Assoc. Inst. C.E. 

AUTHOR OF "a PRACTICAL TREATISE ON CAST AND WROUGHT IRON 
BRIDGE CONSTRUCTION/' "a RKCORD OF THE PROGRESS 
OF MODERN ENGINEERING," 
ETC., ETC. 



LONDON: 
LOCKWOOD & CO., 7, STATIONERS' HALL COURT. 






; 




PEEFACE, 



NoTwrrnsTAiTDiKa that the subject of Strains has been ably 
treated of again and again, it is difficult in submitting this 
little work to the public to avoid the almost stereot3rped ex- 
pression that ** the design has been to supply a want long felt 
in the profession;" for the numerous volumes which have 
appeared on the subject have not, principally on account of 
their elaborate investigations, been calculated to afford that 
ready assistance which in the ordinary run of office and other 
work is being continually needed, while on the other hand, most 
of the general Engineering Pocket-books, not having been able 
to afford sufficient space to do justice to the subject, have been 
compelled to leave its treatment incomplete. It is hoped, 
therefore, that by devoting a small work, in a handy form, 
entirely to Bridge and Girder Calculations, without giving more 
than is absolutely necessary for the complete solution of prac- 
tical problems, both the above obstacles to quick and satisfac- 
tory manipulation may be overcome. 

One of the chief features of the present work is the exten- 
sive application of simply constructed diagrams to the calcu- 
lation of the strains on bridges and girders, the advantages of 
which as a system, most undeniably far outweigh its disad- 
vantages. The parabola (anything but a troublesome figure 
to draw) and a few right lines axe aH t!b».t qj:^ xon^pox^^ 
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IT PBEFACB. 

There is, again, a more general application of the Moments 
of Eupture, and Shearing Forces, to open- webbed girders of all 
kinds, than has hitherto been attempted. 

It was originaUy intended to divide the whole work into 
three sections or chapters, similar to those actually adopted 
only for the middle portion (pp. 24 to 60), which chapters 
should correspond with the various processes in the design of 
a bridge, thus making the yery arrangement of the work a 
graieral guide. But it was afterwards deemed advisable, as 
will be seen, to place the Moments of Eupture, and Shearing 
Forces, by themselves at the commencement, as a basis upon 
which the remainder is principally founded. 

In the following pages will be found, almost necessarily, 
many omissions, but care has been taken as far as possible 
to avoid inaccuracies. It will be observed that attention has 
been paid to the arrangement of the matter in different types, 
so as to facilitate as far as possible the manipulation of the 
contents. The^ work is not advanced with the pretensions of 
a treatise, as no vnmstigations whatever are given, but merely 
their remits; and these, it is hoped, in an intelligible and 
practical form, suited to the wants of the Engineer, Architect, 
Draughtsman, or Builder. 
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FORMULA AND DIAGRAMS 



FOB THE 



CALCULATION OF GIRDERS, &c, 



STRAINS IN BEAMS. 



1. The STABIUT7 or a loaded beak or girder is fotmcled on the 
equality that must always exist between the resultants of all the yarious 
external forces tending to cause its rupture, and the sum of the molecular 
reactions which resist the same. The former may be resolved — (1) horir 
2ontally into strains, depending for their value upon what are known as 
Moment z of Ru/pturt^ or Bending MornentSy tending to cause the failure of 
the beam, by tearing asunder its fibres in one part and crushing them 
together in another (4) : and (2) verticcUly into what are known as Shear' 
ing Forces, due to the transmission of the vertical pressure of the load to 
the points of support, and tending to cause contiguous vertical sections in 
the beam to slide over each other (171). The values of the molecolar 
reactions are the Moments of Remtance, for which see (804 — 214). 

MOMENTS OF RUPTURE. 

2* Ab1»revla(IoBS adopted in (he Foratnlie* 

Mx = moment of rupture at any point (x), 

Mai Mb » „ at points of support (A, B). 

Mo — „ at centre of span. 

I = length of clear span = distance between supports in a whole 
beam =- distance between W and support in a semi-beam loaded 
with W. Where used in any other way explanation will be 
made. 

as = horizontal distance between the left abutment (except where 
otherwise stated) and the point at which M is to be found. 

W s concentrated load at any point (61). 

w =■ distributed stationary or dead load per unit of leagtlt. 

v/ — ,, moving or live ,, ,, (61). 

Def. = maximumdeflection(!e91)forabeamof uniform section (839). 

I SB moment of inertia of the section of the beam (for value see 
904—814). 

E B modulus of elasticity (17S) ; for value see 981. 

Other abbreviations will be explained as they ooeur« 

S. Vora, I, X, and other horisontal dMtM\cea^\\«ii w»xiTfai.%\\^'^^^»^^ 
eaMe, must be all of the same denominatAon *, asiOi «o e^ax^ xei^aV v> ^s\»^'« . 



4. Hon.— The Tilne of m formula baing C^^tWe(-)) ''""" *'"* 

tho action of the load nutkei; or tends to make the npper torbce of the Iwani 

/eonaTOA ^^^ therefore campreBses together the fibrea in the ( ]'*Z^') 

nut, and atietchei them in the ( '"'^ ) part. 
*""* \nppery 

5. In Ibe DiAOHAMB, the oHinat«s (the Tertical distancta from tiia 
boriioalal, or other lines) to the cocrea, &ji., as shown thereon, correeponil 
to the Taluee of the foroinla occompanTing them. If the diagram be 
diawn to wale in the manner directed, the Uomeata of Hupture maj he 
obtained bj dirtd meiuurnneiif. 

Wg.A. irjR. B. 



The Tertical linsa, aa in fig. A, corrupond lo poaiUTe, and thoae u In 
Gg. B to negatire mlaea in tha formDls (4). 

<. When a diagram ia naed in the calcalation of the mamenla, it ahonld 
be drawn immediately onder, or over, and to the aame horizontal ai»Ie aa 
the outline aketch (S3, III., and S9) of the girder iceelf, ao that the ordi- 
natea ia the diagram will oorreapond with the leTeral points in the l«ngth 
of the ^rder to which they apply. 



I. e 



a Ftsed a 




rated ivelslit at (he < 

M. = - W i . . 
M. - -W((-i) 



eenlrsMd WelchU. W, W„ W, (UT). 

M» = - CW i + TT, J, + W, i,) . . . {*.) 

U. {VF{l-=c) + V,{l,-x) + V,{l,-^)} it.) 

on, ia oegatiT^ 



toil BtoW, wKlOto P, 



Duonaii.— Lei A B be the beam (S. <). Draw 
-|=.W,i„DC = W^i„andAE = Wi. Join 
in ttn mannei aluiini. iMd iii» iviiuiL dia- 
B will Kl»e the miraww* nlinvvttni. 



I Fixed Bt One Kad, and Evaded XTslfiiTmlr Ita 



Hi = — ~n~ > OTK-Aol/ thai dot to the >amt 
load (« It eonamtraled at tht cnii. 




DuQBAM.— Let A B be the beam (E, <). Draw A C = — „-. Draw tha 

pmboIaC B, «bo*a vertex is At B (Isai. 'iiien the Tendcal digtancea betireen 



rnllSmlr DU- 




trlbBled over Fart at Ita Lencth, 

Jiat E = the leDgth of the load ; — 

-. = -»-(.-|). 

mun « U lew than or equal to (I - z), tLei 

—('-4-) 

When X is greater than (I ~ z), then 

M.= -f (;-x)' (4.) 

DtlSBUf.— Let A B be the beam (S, a). At A erect A C = wz (l — ^\ 
Jain bo a point in A B at the mid length of the loud i (M in t1i« ?ig.). 
Dnw the eeml-paTabola D B (»3() tbe aame ex fur a beam of the length z, 
fall; loaded (•). The rertioal diBlancea between A B and D B will trive tha 



II, SeBl*BeBa> Fixed at On« Kad, ■ 
fSTMlr DUtFllMtcd Load, and bIm a C< 



„, i» /W tti\ 



DuoRiic.— Let ABbathebeftni(S, <). Draw A = -^ ,andAD = 
If I. Draw the parabola C B (aa in »■) ■wVt\i Via iwXjki. A ^ V■«»^- 
Tbm at verUial diaumcee between Q B and O B -wia tf.ia 1i- "■™™*k <* 
rapum. TJiiaia bdiaoombiiiationoUll and ;.»!, 




(x bang msunnd froB 

pier). 



(S. •). Atmidapan erect CW= -^ . Join C to A sod B. Then tin 
Tenical diBtBdces belRSmi A B and A 0, G B will give Uie mamanti of rnpUin. 



t* Kemn Sdpi>oWR4 s( Both 



v»g be obUiaed at the point of application 
Wab 
of the load, and = — 7— ■ 



liB!! 



Between A and W, U, = 



DUQBAH.— LetABbethebeamO, «). AtWeFectWC= — r— . Join 
to A andB. Then ibe renical dutaneea beCweea A B and A 0,0 BwillKira 



SapporMd M Both Bndih H 




7%( mntnmi 0/ ru/ihire at iwy 
jwm( prodtHxd by all tkt vieighii it 
the gum of the moments frodfutd at 
Ihat puint iy each of the neigkle 
leparattly (13 and ssa). 

Let there he lliree weigbte, W, 
W„ W„ and let the Begmente into 
which the? each diTide the beam be 



fpea^reij a, b; o„ i,; o,, i,; thenaappoavinttafc i « \»Veii \i«t,«een 



'■ ^t i')r ba^g regard to the note ill {13). 



DtiSRAV. — I«t A B ba the beam (8, *). D»ir ACB, ADB, 
mnd A B B u for three separata caaea, by (13). Frodnce W C liU 
WL-WP + WG+Wa ProdoeeW, DtmW, N = W,H + W,I+'W, Dj 
ud K on for (he weight W„ making W,FkW,E + W, J + W,B. Jom A 
to L, L to M, N to P, and P to B. Then the ordtnue* from A B to Uu poly^ 
giHiml Bgnn A L M P B will giT9 the inomBnlB of rapture. 

NoTi. If the weights be all eqnal, the verticals Bttbeweiithta repTeaenting 
the mnments prodaoed there by thoie weights laa WG, W,D,W,K) »iU 
■Ji be ordiiiRtea to a parabola {*M) drawn as for (■;). 

\3 of tha abava achema to oco^ 






(he Ceatn.* 



The moment for any point between 
the weights is a constant qaauUty 
W{t-») 



le4 with Twv E 




DitoiAK.— Let A B be the beam (B, «). At the welgbta erect WC and 
W D each equal to (Wb). Join A to (!, C to D, and D to B. Then the Ytr- 
UcBl dinancea between A A and A U B will gira tlia momenta of ruplnre. 




= M at W, = 2 W 



DtlOKAH.— Let A B ba the iwam 
(S, «). At W and W, erect W G and 
W.F, eaoh equal to ( 2 Wa) ; and at Vf. and 
'W, B, eaoh eqnal to W(2a-Ha'). Join A lo C, t 
and P lo B. Then the vertlDal dutaaoea.betwaai A] 
giTa tiie mcnvnta of mptnra. 



■, erect W, D and 
D, DtoE, EtoP, 
udAODEFBnin 



IT. Buui tMvvotied M Both Eadi, IWHied with k CsncentniMd 



The mixlmniii moment >t aoj 




M. = M. - 0. 

DuoiuH.^Let A B be the 1 



{»a»), whoM ordioite »t centre (C D) = —^- Then the vettit 
beliTeen AB and the ptrabola A.DB iciJl gire the mailmam 



IS. Benin BBEiiH»>ted i 




Let w and t, be the two weights. 
The value of the maximum moment 
produced M snj point is 



X " n-ig,— .■^■j" Or if the two weight* beeqnsl; when * =■ 5^ "^ T' 

' M. = M. = 0. 

DuaaAK.— Let ABbetbe beam (6, •). Draw the paMbola ACB (fSt), 

whMeoTdinaU at cento ='-^^^^'- At A «ri B erect AD «.d BB = 

W,>. Join A to B and D to B. Then the vertical dittsncea between AFB 



h Budi, and loaded BUlbirmiT IM 
eatin leB«lh (44), 

M. = M. = 0. 

^^- ~ aSi B I ' 

(m< &al/ (A« momeaf at centre, and J 
^ deflection produced by th^ Momt 
toad cotictntnUtd at ih^ centre. 
DtAnsAM. — Let A B be the beun (s, 4). On A B draw the parabola 

' Ai in the conpled diliing irtiw 




MOMINTS OF BUPTURB. 7 

wl* 
AGB(989) whose ordinate at centre = — r — . Then the vertical dis- 

o 

tanoes between AB and the parabola AG B will give the momenta of rapture. 

M. Beam aapported at Both Enda, aalUect to a Load HalfiHraaljr 
IMatrilmted over a certein Ijeasth 
trom one Support (45). ^* ^^ 

Let a equal the length of the load, 
amd let X be metuured from the abtU' 
mentfrom which the load advances. 

The greatest moment prodnced by a 
ffiven length of load will be at its extre- 
mity, or when x=-t, that is, provided the 

load does not extend beyond the centre of the span; for should it depaaathat 
point, the ^eatest strain will remain constant in position at the midapan, in- 
'- - in mtenaity until the load completely covers the span. 




10 z^ (/— jc) 
When xssz, OT more than 2, Ks = ai — * 

*^ . , , ,, *"* tg(2l—t) ) 
When X is less than ^ M« = —^ J 1 — « > . 

M^ = M, - 0. 
DiAORAM .— Let A B be the beam (5, «). At the extremity (C) of the load 
draw CD = ^' ) ~ » Join A to D, and B to D. ]>raw the peiabob 

2 

A EC (!889), whose ordinate at its centre » !^ ; the same as if for a 

8 

nnilbrm load on a beam A C, supported at A and G. (19). Then the vertical 
diatancea between A D B and A B C B will give the momenta of rupture. 




91. Beam Supported at Both Ends, auhjeet to a l4md uniformljr 
Blatrlhuted over a eertaiu ]<eusth mot Bxtendlns to either Support, 

Let i — the length of the load. ^i^, 16. 

Lei 9 = the distance from the load 
to the left support ; and let x be mea- 
iured from the same support. 

When a; = t;, or less than v, 

When X is eqnal to or or greater than {v + 2), 

When X is greater than v, and less than (v •!- a), 

w«r z(z+ 2v)) v> v^ 
"•= — {2, + 2»-» 1 \ ^- 



fiuasAK.— Iiat A B b« die beam (B, •). And let the load eitoid otbt 
the IsDgth z. At E, tlie centra of the load, srect E H = — — Jaia 
B to A and H to B. At C (md D, th« eitrflmiti«> of the load, dni« per- 
pendionlan to A B, intensoUDg H A tuid H B in P and Q mpaotiVelj. 
JoiiiFloQ. On CD, drav the pusbola CED (13*), wbow ordinate nt 

•entn Ii equal to ~-t-, ihe lame tu for a diattibated load on a beun of the 




mnla moat be taken eqoal to 1 z, 

DuauH.— LetABbethehetua(s,<). OnABdrairthepanibalaADB 

(f8>), whoae ordinate at eeatra = — -. Uake CB ^ -^. Throagh B 

draw E F paraUel to A B. Make the horiiontal diataDoe of F and B fram 

A and B mpeetlTelj (aa C B) = — . The diagraie will be aorarate trom P 

IhosB limila proceed m toOowt. Dnw 

I is U B, Divide O B into a nnmber 

B dnir Temcali. At tbs tlrat dinaitn 

a betireen On panbolle ues E B, and 

tie lecond divialon take — and ho on, conntdnf; Ibe 

id meanirina from tlie imaller (lower) parabola, 

will enable Oie evrre, u ahown in the diagram, to 

■Bma oneration on the oppoeite end oT the beCHiL 

IDEBandArBBwiU give the 







flS. PolMti ar Caaevrnvr Henre, Or of inflexion, or of "no- 
enrvatiiTe," aa thejare aometimea called, are point* at which the npper 
and lower mr&ee* ebange from eonvexitj to ooncaiit; (4), and via vtrii 
(aee fig. S3). At these pointa, aa-there is no onrratnre there ia no moment of 
raptarv, tor the momenla-of ruplnte ue the intenaitiea of the during or 




dirtuit bom thnr 



DuBua.— Let A B be tlie beam (S, •). At micl-Kpui erect C W = -^ 
At A uul B ereot A D uid B B, each = ~. Join D (o B, kod C to A 



MbetmanDE aai AOB will give the mo- 



ThtUagth/f U idtntkal vriik (is), and iktparta A/ and Bf wilh 
(II), Uie oonoenuaied load u the bi- 
tmiutTaCeMhsaml-lxamA/, B/ beina 
iqgiltabaltlhBdlBliUiiUed loadgu//. 




WImm Hi = 0, there are the pooiit iif eonlrary fiixart (>3), dUtant 
bom A ami B reepectivel; b; -2111. 



*'•'■ "■ 1 K3A B T 



-Tf ■■ oKt garter lltat ofthttcanthtam ifn«tfixtdatthe 



SuoKUL— Let A B be the beam (I, <). On AB dm* the i»nbola 
ACBr>»;, irJiMe ordinate at centre G t) ->^~r- ^'^ ^.s^A'^ tm*^ 



A If and B P rMpwUTalf, Moh cqnal to - — Jma E to F. Tim tk« 

TsrtlcBl dittoDCH between E F and A C B wlU givs rhe momenta oT mplare. 

The ponUi (^ amlrory fiaonn (S3), 4n at the iDUneotioa of AOB 
TitbBF. 



M. ■>■■» at rHU*na Slrcwth (lU), Flsed hmrlMiitiilU' M Ba«k 

■■da, amd bnded bbIAhbIt Iti eatlre Eeasth (4t). (See 3».} 

n« UttgA ff (^^ 4 1] M idaXiVoJ vi(A(I>1, and th^ parti kf and 

Bf with (11); Uie conoenlraled load 

the Bitnmity of each beum equal 

— ^hairtheloadou//'. 







Wlieie U. — O, than ■» the pobiU of eoMrary fitsnrt (13). 
A/=B/'--j-. 

DuQEiv.— Let AB b« the beam fS, S). On A B draw the panboU 

ACB(*3»),whoaeordinaU>atoeiitr8(CD) = — ^. AtAwidB erect 

A Band BF reapeetiiel;, each = V" , Sma B toF. Then the nniod 

dtaloiiaa between B F and A B wi_ ^ 
^ txmti-my jltxvrt (tS) ace at the iai 




WheieU, = 0,tfiere are the poinft of emtrary fitxare. 
Dunuii, — Let A B be the beam {B, •). On A. B draw the parabola 
ACB(»3»), ir^twe onlinate at Mntn C D = — . At A and B erect A E 



ud B F i«q>eatlTelT, intking A B = H^, ud B P = H. . Join B (o F. 
Thai Om TcrticAl illHanDei beCseen R F and A C R will give tbs momanla of 
rapton. Wkwe B P iaUnecU A U B, tlior* will be the pmnU of cmurarf 



(A), tmt Fixed hsrtaoBMllT ■* tke 
•■er Hi e>llrs I«BBtIi <4S). 

nil mt it idntieal witk tht 
IngAfBofias). 



«-= T ('-*'- 



- {X being 




M. = 0. M. = - — . (4.) 

Tl» poml of tontrary fitxart (S3) is where Mr = 0. 

A/= ■J--'*' " '* midway betweeD A and / j^g-- 

DuoBAM.— Let A B be the beun {s, •). On AB draw the panbola 

ACB (XM), whtos onliutt »t eentr«CD = ^. At B, the fixed end of 

tbebeun, er«ot BB=-^^= CD. Jdn A to B, Tben the venial diMucwe 

tare. Where A E inter- 
-. (SS). 



I nxed kwlHBtally ■> the aihcp (B)*, sBifS 

»Mn Length (48). 

"kit eau it idtntieal mtk the length f B of (««). 

l,= '~{l-x)~^,(it being 
meaaored frgm the unfixed sad). 

I.-O. M.--'^' . <4,) 

i at midwa; between A and / 




Thupaint of eoatrars JUxurt (ts) is where M, — 0. 



QQWKU. IVia ijonwA limn V« fc.t ■« 



12 STRAINS 19 BKAHS. 

DrAGBAic^Iiet AB be the beam (5, G). On AB draw tbe parabola 
A C B (98S), whose ordinate at centre (C D) » — -. At B, tbe fixed end 

of the girder, erect B E — Mj = -— -. Join A to E. Then the vertical 

o 

distances between A K and A C B will give the moments of rapture. Where AB 

intersects A G B, there is the point of conUrai'y JUxarc (83). 

SO. Beam contlnaoiis for two or more Rlgrlitly Proportioned * 
8paas, subject to a Stationary Load, Uniformly Distribated over 
its entire I«nirtli (50). 

AU 8uch eases may he regarded aa comhinatione of some of the eases 
previotisly given (84 — 99), For if, in any of the latter, the beam, instead 
of being fixed at one or both ends, be continued over a support wbei'e 
originally fixed, and subjected to the action of a load, which shall produce 
at the point of support a moment equal to that produced there by the 
i&rst load when the beam was fixed at that support, then the moments in 
the original length of the beam will remain as they were, and will not be 
a£fected by the substitution of the continuation for the fixing. 

Pisr. 23. 




Let AF be a beam continuous over a number of equidistant piet*, 
B, C, &c. 

If the beam be of uniform strength (165), the outer spans (A B and 
E F) ^ould be s the length of the others. If of uniform section, the outer 
spans should be 789 the length of the others. (See 113 A.) 

The end spans may be regarded as identical with (98) or (99), and the 
remaining spans with (94, 25, or 26), so that the moments of rupture m*y 
be obtained from the formuln or diagrams there given. 

81. Continnons Beams, not of Vniform Section, snbleet to Turftam 



It would, perhaps, be impossible to give mathematically accurate formula for 
the moments of rupture in continuous beams, with moving loads, that would be 
worth anything for practical application. A well-known author f has even pro- 
nounced the case '* too complicated for investigation." 

The following approximations, however, may be relied on for mx/ay toithoui 
extravagant, 

39. Beam of Vniform Stren«tli (165) for the Maximum Strains, 



* By rightly proportioned is meant, proportioned so that if the beam were 
Axed on any one of tbe piers instead of continuous over it, tbe moments produced 
there by the two adjncent loaded spans wou\d \>e e<\\is\. T\\e;w if thia eondUion 
de odterved the CAte will include beams not umfoTmi^ YoaidA^^Soxoxx^QuXi. 
t J. H, Latham, Esq., M.A.— "iron Bridg««.** 



FIsed lA>d Vmltormlr DUtrlbuted, and aim to a HotIbb toad (SI). 

(S«e USA.) 

ThtgrtOitX mnnent over Ihe pier will be produced when both epans ■re 
fallr looded. Each span will chea nearly cotreepond to !3»). 

The greattit potUitt (4) mumenf will ol>taln in tba apoa full; loaded, 
when tha other Bpan beats onlj thn fixed loud. 
Let W = filed load per unite of length. 

uid let X be alwaje measorail &om ha abutment, and not frcm tki 
pier. Thta, 

x{a + k') (I — x ) liw *vf)xl 



1. potillvt (4) 
1. ni^ite (4) 



ent, Mi = - 



12 



Uu. neg. moiD. [ M. =■ g (w -t- "')<2 I - 3 1), or 
at any other ( ^j. ^i 

H"'. [M, = -y (^-«)--l5(2w + w'), 

Any poaitire Talna of the last two, and any negatira value of the first of 
tliMa foar equaUoiu, ma«t of course be dieregardeJ. 
M, = H, = O. 

By making If > = in the first and lust eqaationi, and then finding tbe 
niaa of x, the limila of deTiation of the puinta of coutrary fieiure ((3) 
may be obtained.* 






Duaitix.~I.etA CBbethe beam (t, 6). On A C draw tbe parabola ADC 
ts»), whoM ordinate at centra D E =■ {a * vf}-; and on C B draw tba 
|NU»baU C F B (ISS), whoae ordinate at eentte F Q = —r-. At the centre 



• Ilf-j-) f" n"' 8' 



-r-=4FV' 
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(w + v/) P 
pier erect C H = ^ — , and, measuring from C, make C K — 

(2 w + «/) /2 

=^2 • ^®^ H to A, and E to A and B. Then the vertical distancses 

between the parabolic arc A D L and A L will give the maximum positive (4) 
moments. The vertical distances between N H and the arc N LO, or those be- 
tween K M and G F M, whichever be the greater, will give the maximum negative (4) 
moments. The points of contrary flexure (23) will approach as near the 
centre pier as L, and recede from it as far as M. (See foot note, p. 13.) 

Note. — The various values, &c., given above, apply equally to both the spans. 
The diagram above is drawn to scale, on the supposition that the rolling load 
is 3 the intensity of the fixed load. 

. 33. Beam of Vnifonn Strenstli (165) for the Maximum Strates, 
eontinnons over two or more Piers, subject to a Fixed Load Vnl- 
fonaljr Distributed, and also to a Movlns Load (52). (See 113 A.) 

The maximum moment over any pier will obtain, when only the two 
adjacent spans, and every alternate span from them, are simnltaneonsly 
loaded with the greatest load, the remaining spans sustaining only the 
fixed load. 

The maximum moment at the centre of any span will obtain when it and 
the alternate spans from it are fully loaded, the remaining spans sustaining 
only the fixed load. 

Let w = the fixed or dead load per unit of length. 
v/ = the moving or live ,, „ 

V = either oater span. 
I = any other span.* 

Then, the maximum negative (4) moment over any pier, B or C, 

P /2w v/^ 



P /2 w vf\ 



3V 7 

Maximum negative (4) moment between any two piers (t.«., in any 
inner span, I), 

X (w + v^) P tlw v/\ 

(positive values of T^hich mu«t^be disregarded). 

Maximum positive (4) moments between an jr tn^ piers (i.e., in any inner 
span, Z), 

(v> + 'Of) ZwP 

Mx = 2 — (*-«)«— 32 » 

(negative values of which must be disregarded). 

For either outer span, the maximum negative moments, 
X (w + v/) xP /2 w v/\ 

M, = 2 (^ - «) - Jf' [t + TA 

(positive values of which must be disregarded). 

^ If there be bat tbi ee spans, a modiftcatacm ot tlcke vsXvi^ \i«ceaSU6£ ^-svaytiSv. 
be aeoesaary, which see. 



H.= 



*)- 



32: ' 



X being meoaared fiom the abutment. 
Ifuj of tha foregoing expreisions for M, be mide equal to 0, the mine 
of X sbtuned fram them will give the podltiou of tbe pointa of coDtrary 
f«xaiv (»3).* 

Hon. — If the beam he tontinuBiu for three tptmi vttly, 2, u & coefficient 
P/2w u/\ xP fiv) v/\ 

iiith«expreBaion-j-(^— + -^1, oc ia gjr ^ — t-^-J, most hare » t»1m 

I + f 






Duoa^x.—Let ABC (S, «) be psrt of tbe beam. On B C dniv th( 

pantboU B D C (•aa), wh«e ordinate at centre (D B) = ' ^-f— ■ 

On A B drav the paisbola A F B ( 83t }, whoae ordioate ft ceDtn 
(P G) = *" ' - At B »nd C erect BH and C Jt respectdTely, 



C, m&ke B E and C L, each 



U.P 



.nd B to J. Measuring from B and 
JoiD A to K and K to L. 



The points U and P, and H and K or M, and N', show tha limit! of 
deTiation of thepcintt afamii'ariijlexiirelts). 
The diafnwn above ts dram [o scHle. on tbe aopposition that tha ioUamtr at 



•Iff^) be not grealar than ^i^^^, Uie beam will require boldtntr 
t S.U.—The uuu givaa above (lor the Taloa ot I in '^« fema-ia^ -nBia!. \« 
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33 A. NoTB. — The moment of ruptnre at any point, prodnoed by seyeral 
loads acting simultaneously on a beam, is equal to the sum of the moments 
produced by the seyeral loads acting separately. 



SHEARING FORCES (1). 

34. Abbreviations : — 

Let P and F = the reactions on the supports due to the total load 

on the beam between those supports. 

S H« = the shearing force at any point .x, 

to = distributed load per unit of length (61). 

W = total load concentrated at any point (61). 

X = distance from left-hand support to the section at 
which S H is required. 

I = length of span. 

Other abbreviations will be explained where they 
occur. 

35. In the Diagrams, the ordinates (the yertical distances from the 
horizontal or other lines) to the curves, &o., as shown thereon^ correspond 
to the values of the forniule accompanying them. If the diagram be drawn 
to scale in the manner as directed, the shearing forces may be obtained by 
direct measwrement. See also (6). 

36. General Rale for determlnliis tbe Sliearliis Force at aMjr 
part of a Beam and under any Distribution of Load. 

Let it be required to find the shearing force at any point (C) of a beam. 

pj^ 2g Let W = the load between A and C. 

W^ „ BandC. 

Then, SHatC = 

SH*= P-W',or = F- W";— 

the greater of the two values to be 
taken. 

At the supports, W or W" = ; so that the shearing forces there are 
always equal to F or P'. The above values hold good for semi-beams. 



37. 8emi-l>eam fixed at One End, free at the Other, and l4M»ded 

in any Manner (8). 
Fig. 27. ^ ' 

The shearing force at any point P is equal to 
all the load between that point and the unsup- 
ported extremity. 





DiiOKAii.— Let AB be the beam (ss). At I 

A sreet A C = W ;. Join C to B. Then the I 

TsrUcs] disiancea beoreen AB and C B will give Uie I 

>b«wlng tbroM. I 

3*. Beam Hsed at One End onlr, lAaded 
bMCtk, BBd aUo with a Concentrated 
Welvht at fu flree Kslremltr (H)- 

S H, = W + « (l-x). 8 H. = W + w I. 

DiASUX. -Let A B be the beam (3B). Make 
A C - w 1. Join C to B (m in SB). Mak« 
A D and B B = W. Jtun D ta B. Then the 
Ttnioal diMttDcet between C B and U B will giie the 



d anifomlr KaadMI II 



I a> Bolli End*, and I 

uti INllBl (13). 

itoncea of W &odi the mi[ 

5 
SHi=F = W^~SB., eoDHtuit between A and W. 

8Hi = F»W7 = SH., eonatant between B snd W. 

DllOUV.— In Pig. so, tlie Bheariug fbrcee {SS) (Or thl« case are (riTOn Iw 
to Teitieal diBlauoei belwem a B and EP Q b, W being suppoaed Bt Q. 



^ The greater of these two valoee to be talceo. 



S H. = S H. = W. 
DuaKAii.—Ia Fig. SO, I 



I TertJcalB A B ana B ¥ b\ *&«(( «»»™i«s >! 




IQP. Tha tartisal iit- 



AB is the beam. AEuidBPti 

When W is in the centre oF the beam 
(K), Ihe ahearmg fbroo for the 
length of the beam eqaala ~ : 

Terticsl distance between C D tad 
AB. 

Whan W is at an^ othar point (Q), 
the ihearing foroea in the two segmeuta, R P, Q 8, are inversely aa the 
lengbhaoftbeaeginents. The vertical JUtancea beiween A B and K P Q8, 
giTB tboes ihearing forces. 

When W rolla from end to end of the beam, the shearing force* a 
the vertical distances between A B and E E P. The points P and Q will 
alwajs be points in either ii B or A F. 

44. Beun Bupponed ■( Bolli K>d«, «a4 ] 
entire (.enstb (!•). 




= 3 H, = ? = ?- = 



at 



sign of the resnit M be disregarded. 
At mid-apan, S H = 0. 
DiAOHAH.— Let A B be the beam (3E). At A and B ereet A C and B D, 
ml 
each eqnid to n- J*^° ^ *■"' D to the mid-span, K Than Ota venical 



IK fort 



I OlatHbntMl 




(SO). 

The greatest shearing force will be 
develop^ at the point orjuDction of the 
loaded and nnloaded segments; in which 
case let x also represent the length of the 
load. Then, 



The greater of the two ralaea to be 



At tnid-span, t1 H = - 



' Amiu the aue Ot » raiWii] ti 
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DiAGBAM. — Let A B be the beam (85). At A and B erect A C and B D 

w I 
respectively! each equal to "2'. Draw the semi-parabola, C E 6 (S3S), whose 

wl 
vertex is at B, and ordinate B D = -q-. Draw the semi-parabola A S D 

eorresponding exactly to C R B. Then, as the load advances from either 
pier (bay A), the shearing force developed at the junction of the loaded 
with the unloaded apex will be represented by the vertical distances be- 
tween A B and A E D. When the load covers the whole span, the shearing 
forces will be as in (44). 

As the load is liable to advance from the pier B as well as from A, the 
maximum sheRrinf;r forces for all positions of the load will be given by the vertical 
distances from A B to C E D. 

46. GenevAl FormnUe for Determininir the Reaction of tlie 
fMipports, and the Staearlns Forces In tlie ca«e of ContlnnouM 
Beanui and Beams whose Extremities are Fixed, or subject to 
the Action of known Moments of Rupture (S7). 

Let A B be a beam, subject to the action of the moments M^ , Mb , and 
let the beam be uniformly loaded. 

The notations as before. 

Fijr. 33. 



p = 


wl 

2 + 


IAl 


-Mb 

I • 


F = 


w I 
' 2 + 


Mb 


-M. 
I 




The shearing force at any point distant x from either pier, is found by 
sabtracting {wx) from the re-action of that pier produced by the load between 
A and B. 

The values of P, P' are the pressures on the piers produced by the load 
between A and B only. Should there be a load on the beam continued 
beyond these points, the pressures similarly found must of course be added 
to those above for the total pressures on the piers ^168). 

47. Beam Fixed at Both Extremities, and I.oaded uniformly 

(95, 80). 

S H^ « S Hb = ~ S H, = w'd - o:). 

Exactly the same as for (44). 
DiAQBAV. — The same as in (44), which see. 

48. Beam of Uniform Strensth (165), supported at 4lne Stod, 

and Fixed horixontally at the other, nnifionnljr i^Mided its entire 

I«n«th (99). 

w I 
At the unfixed end, S H*. = -j- 

At the fixed end, 8H.» « — ^* 




20 STRAINS IH BBAX8. 

S HjB = tf ( g — a;j, o; being measured from the unfixed end. The sign 
of the result to be disregarded. 

DiAGRAX.^Let A B (fig. 34) be the beam (35). At the unfixed end (A) 
erect A C = y, and at the fixed end (B) erect B D = 2 (A C). Join C 

and D to E, distant J I from A, or half-way between A and the point of 

contrary flexure, / («8). The vertical distances between A B and C B D will 
give the sheBring forces. 

The length KfU identical with A /(fig. 22), and the length/ B wUh 
/B (fig. 22). 

49. Beam off Vnlfform and Eaual SectloM, supported at One End 

and Fixed liorlxontalljr at the Other, 
^^' ^' nnifonnlj Loaded Its entire I«n«tli 

Zwl 
At the unfixed end, S H^. = r. • 

b wl 
At the fixed end, S Hb = -«— • 

fZl \ 
8 n« = 10 ( -g- — xu ^ being measured from the unfixed end; and the 

sign of the result being disregarded. 

Diagram. — Let A B be the beam (35). At the unfixed end (A) 

Z wl b w I I 

erect A C = — «-, and at the fixed end (B) erect B D' = — g— . Join C 

and ly to B', distant { I from A, or mid-way between A and the point of 

oontrary flexure, /' (93). Then the vertical distances between A B and QfSlf 
will give the shearing forces. 

The length kf is identical with kf (fig. 21), and f B with f B 
(fig. 21). 

&•. Continnons Beams with Fixed nnlfformljr Bistrlbnted Iioads 

(30). 

If the spans be rightly proportioned (see foot-note, (*) p. 12), case (48) or 
(49) will apply to the outer spans, and case (47) to the remaining spans. 

51. Beam off Vnlfform Strength (165) ffor the maxlmnm atrains, 

eontlnnoos ffor Two eaual Apans, 
^><^- ^^' snbjeet to a Fixed ImbA nnlftormlj 

Bistrlbnted, and also to a Ifovlns 

l4MKd (39). (SeellSA.) 

The maximum shearing force ai either 
abutment will obtain when its span only 
sustains the moving load. 

The roax\mwm «\\«Mvn.^ locoft oJL iJkfi 
centre pier will obtain when botb spans are f \i\\y \oaOie^. 
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The total maximum pressure on the centre pier, when both spans aie 
folly loaded, will be twice the above maximum shearing force at the pier. 

Let t(/ = the moving load per unit of length, the other notations as before. 
The following are the maximum values * : — 

At either abutment, S H^ = — - (4 i(; + 6 w/), or 

2 I 

At the centre pier, S He = --(w + «/), or 

At any other point (a;), 

The greatest value to be 
taken ;t a; to be mea- 



S H* = j^ (4 «; + 5v/)-x(w + v/), 

Or, =(-- a;) («; + «/), 

I 



( 



sured from the abut- 
ment, and the sign of 
the result to be disre* 
garded. 



As the load may be supposed to advance from either abutment right 
across the beam, an addition must be made to the above values for S H« :{: 

being equal to -^ when x is about equal to J Z, and gradually diminishing 
as X gets more or less than -. (See the dotted curve in the diagram.) 

Diagram. — Let A C (fig. 35) be one span of the beam (85). At the 

abutment A erect AD»^(4io+ 5 w'). Make A B = r- (io + to'). 

At C ereet OF == twice A E. Join E and F to M, distant } I from A. 
Through D draw D N parallel to E M. Sketch in a curve similar to that 
(dotted) in the figure, making an additional depth to the ordinates, at the 

point of minimum shearing force, of W •-. t Then the vertical distances be* 

o 

iween AO and D STF may be considered to give the ma-rimnm shearing forces 

for either span. 



59« Beutt off Vnlfform Streavth (165) ffor the Maxlmuin StraiMS, 
ContiHHoas over two or more Piers, subject to a Fixed I^Mid 
vnifformljr Dtotrlbuted, and also to a MoTlns l4»ad (33). (See 
USA.) 



* Approximate values corresponding with the moments of rupture 89. (See 81.) 
t The last of the three values is the shearing force in one span, when the other 
only is fUlly loaded, the addition however made for the load being a moving one 
will entirely cover it. 

t An exact expression for the value of the shearing forces developed by a load 
gradually advancing across a continuous beam of (eSoon.^ \n^oTt(i«>\x«a^^«^<si^^ 
even if it could be obtained, be most oompUoated. T\i* ^toto«,% \ksst^ ^'^^'^^SxCU 
however, tboagh neoesBority only appnmxnate, may "b© x^«jc^^ *^ \t»R»s»221 



!2 fTBinre in Buna. 

Tbe maiiniDm aheoring fbrce at any pier (B or C) will obt&n utDiitts- 
neoQily with the maximnm momeot gf ruptiue urer that pier (33). 
For ftDj inner span, 

SH. = 8Hc-l(" + -^)- 



s^-iQ + ^-f)—(«^^)- 



X being measDrad from the nearer pier. 

For either ooter epan — 

M either abntmeDt, 

I' 3wl' 
8H. = («.+«')---g3J,- 

At the pier, 

B H. = I (w + «f). 
At anj other pobt, 



.-.(I-)- 



The greater of these va- 
luea to be Uten, and 
X to ha measured from 
the abutment. 



bj-g-aod-g- reepectivelj ; and this additioD, gradoally diminisbed, 
moat be made for aome diataoce on ei/Aer lidt of thoee poinU (aea foot 
note (t), p. 21) M aboHO in the diagram below. 

If Um beam be eontitHimit for thru ipant only, the abore formoln 
muat be modified ai directed on the next page. 
Kg. se, 



DiAQHAa.— Let A B C U part of the beam (3B). For any inner gpan 

(aai) AtB»ndCerectBG«ndCH,e«ch=(~4.-|-). Make BD 

Hid CB each -.-lin + vf). Join D and E (o (he mld-apaii, ud draw Q K 
and KB parallel to D P and F E respectirelj. For either outer apan (aa V) :— 
4t B enot a perpenJieolar = ^ (w + w"t, -"^^d., a 1! - - , Mfffl. 
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ooincide with B D. At A erect A L = J D B. Join J> and L to M, 

distant } I from A. Make AO — — (w + k/) ^r-p . Draw N paral- 

lei to L M. At T and E sketch in cuires,* similar to those io the figare, 
giving additional depths to the ordinates there of — r- and — respec- 

tirely. Then the yertical distanoes between O T D and A B may be considered 
to give the maximam shearinfi^ forces for either outer span, and those between 
6 y H and B C for the remaining spans. 

If the beam be continuous for three spans only^ the yalne given in the 
formolsB for S Hb and S He , and in the diagram for BG and G H, must be 

altered to — **" T> \ T" "*" "2 ) * ^^^ further, the value given 

to S He for the inner span must be altered to = S Hb — a; (to + v/\ 
in which latter expression S Hb must have the value just assigned to 

It. L = - - 



* See foot note (X\ p. 21. 
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FLANGED GIRDERS, ARCHES, AND SUSPENSION BRIDGES. 

53. In the I^eslvn off a bridge, girder, or other similAr stmctiire, 
eertavn parts of which are supposed to resist certain strain*,* the varioaa 
processes are followed out in a progressive order. When the data do not 
extend beyond the amount and nature of the load, and the ^dth, &e., of 
the obstacle to be crossed, the processes will be as follows : — 

I. Determination of the hind of bridge or girder (54). 
II. Determination of the general cross section, and major proportions 
of the structure (55 — 58). These enable — 

III. An outline sketch to he drawn (59). 

IV. Approoeimate estimation of the weight of the structure (66, 61). 

v. Calculation of the strains on the various parts (69 — 169) (which 
strains must be figured on to the outline i^etch), at as many points 
as will be found necessary for the accurate — 
YI. Determination of the amount of material to raiti the strains on 
the yarious parts (163 — 173). 
YII. Distribution of the material in the various parts into a form of 
cross section best suited to resist the kinds of strain brought upon 
them (174 — 196), having regard to — 

a. facility of construction. 

h. adaptation of one part to another in contact with it. 



BBOTION I. 

Determination or thb Natvrb, Principal Dixbnsions, sto., or thk 

Bridge or Girder. 

(Embodying processes, I, II, III, above. ) 

54. The first operation (I, 53), that of determining the kind of bridge 
or girder, must be left entirely to the discretion of the designer ; at least 
no rules can be laid down for his guidance : the several conditions which 
would influence the decision, such as nature of site, obstacles to be crossed, 
facilities of construction, &c., being infinitely diversified. 

55. The ffeneval eroas section of a bridge must also be left to the 
experience and discretion of the designer, as no definite rules can be given 



* The ejratem of regardinsr partioiilar menDDL\>en or \tttx\A ot v^^TdftT ba reeistiDg 
tbe partJcalBT strains for whioh they are adapVdd, «Si.<^\2ki««A «!L»EA«S&'s«t\Ai^^% 
fjioet generally received* (See 69 and 1%1.) 
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upon the qaestioos of the relative advantage and economy of the maoy 
systems wMch have been adopted and suggested. 

GBNBSAL PROPOBTIOHS. 

56. The central depth of straight independent girders may be made 
from ^ to il^ of the span. The greatest economy of material is perhaps 
obtained at ^, 

For oontinnoas girders, or girders fixed at the ends, the depth may vary 
from ^ to ^ of the span. 

57. Where convenient it is in most cases advisable that girders with 
fixed loads and with oblique or curved flanges or booms, shuuld have their 
depths varying as the moments of rupture (1), that is, as the ordinates in 
the diagrams (5) given for several cases (7 — 33) of loading, &c. (76). 

It follows from the above, that bow-string girders, arches, suspension 
chains with stationary unifoimly distributed loads, should (the latter wtU 
nearly) have the form of a pamMa (939). 

58. Diagonal bracing will, as a rule, be most economically disposed at 
an angle of 45° with a vertical. 

59* The design having, as supposed, advanced thus far, it is advisable 
that a skeleton elevation of the bridge or girder be drawn to a moderately 
large scale, that the strains on the various parts about to be calculated 
may be figured thereon. 



SECTION n. 

Caloulation or thb Strains on thb Various Parts. 

(Embodying Processes IV, V, p. 24.) 

••• Approximate Estimation off the Weiclit off the Btmetare. 

1st. If no other source of information be at hand* (6dA), assume a pro- 
i>abl6 weight from the data of experience. 

2nd. Calculate a few sections by the formulsa, &c., given hereafter, on 
the supposition that the bridge or girder is loaded with the just-assumed 
weight uniformly distributed, and the maximum extraneous load that is to 
be brought upon it. 

3rd. Make a second approximation of the weight from the few sections 
just calculated ; allow a percentage for contingencies (which may vary 
from 5 to 25), and if the total be at all near the first estimate, it will 
generally be sufficiently correct to stand for the weight of the stractnre in 
the final calculation of the strains, &c. 



'BeeB, Baker's diagnuns and tables giving N?e^g^xa ot ^^«»^J:^ \ft«tfft^wi^ 
tpan. 
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60A. Approximate Wei«lito off Wronvlit-iroiK Girder Railway 
Bridffes. 





Single Line of Way. 


For SO feet spans 5 cvt. per foot ron. 


„ 60 


„ 6 


l> »» 


., 100 


» 9 


ft >» 


„ 150 


» 12 


}> »t 


„ 200 


„ 15 


>l )) 



61* The weight of the beam, girder, <bc,, mu»t always he introduced 
into the calculation for the strains. It may generally be coiiBidered as a 
uniformly distributed (of course stationary) load. Where the load is 
stationary, and also uniformly distributed, (viz., cases 9, 19, 95 — 30, and 
38, 44, 47 — 60), the unit of weight of the girder may be combined with 
that of the load proper. But in nearly all other cases it will be necessary 
to regard them separately. 



Flanqed Girders, with Thin Continuous Webs. 

Pig. 36a. 




69. I^istinet liinctiong off the Flanges and the Web. In pages 
25 to 29 inclusiye, the web is considered to take no part in resisting 
the horizontal strains (1), the whole of which will be provided for in the 
flanges. 

Though this is not theoretically correct, the error is practically so small as to 
be disregarded with safety. 

Neither are horizontal flanges considered to take part in resisting the 
the shearing forces (1), the whole of which will be proTided tor in web 
(64, 80, 101). 

Strains in Flanges Generally. 

63. Flanges or parts of flanges, perpendicular to the action of the load 
on a girder, have to resist only the bending effect of the load, which 
depends on the moment of rupture (1). 

64. When, however, a flange or part of a flange is not as jnst supposed, 
it suffers an additional strain, which is part or all (as the case may be) of 
the shearing force (1), the amount of additional strain depending on the 
inclination of the flange (76). 

Tbas in ordinary practical cases, where the action of the load is yertlcal, the 
^^j^naui on the Sange increases the more it wandeira froxa tJaeYiOTYLOTvtol position, 
^'^o extra, stinia it auttlBra, however, modi&ea proportaotvBiVtj \Xi<b «Xara^ citL^dDat 
ff^eo (S0^ SI), 
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05. Nature of the strains. At any vertical section of a girder, the 
strains in the two flanges are of different kinds (4J : — 

1. When the action of the load tends* to make the beam convex on 
its lower surface, then — 

the upper flange is in compression (168) ; and 
the lower flange is in tension (167). 

2. When the action of the load tends* to make the beam convex on 
its upper surface, then — 

the upper flange is in tension, and 
the lower flange is in compression. 

Straine in the Web Generally. 

66. The strains borne by the web are the shearing forces (1, 34), due to 
the transmission of the vertical pressure of the load to the points of sup- 
port. Their amount (and sometimes manner of action) are greatly modified 
by the longitudinal form of the adjoining flanges (64, 80). 



QIRDEBS WITH PABALLBL STRAIGHT FLANGES. 

Flangei, 

6T. To find tbe Amount off Strain on either Flange at any 

vertical section (68), — Divide the Moment off Rapture, as found from 
the formulie or diagrams, pp. 2 to 15, by the depth off the ffirder, t. e. 

by the distance between the centres of gravity of the sections of the two 
flanges. 

68* At any vertical section, the strains on the two flanges are equal in 
amount, but opposite in their natare (65). 

. 69* The strains in the flanges will vary throughout as the moments of 
rupture (l, 9), and therefore as the ordinates in the diasn^ums (6). 

76. Bt Diaobam. — If the ordinate, in the diagram for the case (5), at 
any point of the girder, be made to represent on a scale of parts the 
strain on the flanges at that point, the strain at any other point may be 
meaaured off from the diagram, 

71. The strains are either direct tension (167), or direct compres- 
sion (168). 



♦ The action of the load on a girder suppotVA^ «k\,\Ki^iJciwA'^»wi^V«Nr\s^^>i®» 
lower Bur&ce ooDoave (see Plate I . ) will leaseii tJaa coixc»m\Vs » w^.^ %a ^'wd. \ft <»siaft 
Ofnrexity, 



2B CAUUUTIDB or siHAUg. 

II. Tb« HtvmiB ■yoB UT TcrUcal SectlOB or tbe IVeb la mi>^ 

it Motiaa. Fiv iba 

.dbj{«) 
T4. Tbc n&tare of the etnun in the web ii & Bhearing (propet) {1TI)> 



Flangi*. 

IS. To Hud (h« AmoBBt of HtmlB ob either Fluwe at anj poin^ 

— Divide ike moment af rapture (formulo and dugramt, pp. 2 to IS) iy 
fA« depth of the girder, the vertioal distanoe between the centres of graritf 
of the aeatiuna of the two flaagea, and multiply the gvotient by the $ecant 
{ Ifl«) of tht anglt vihiek the fiaage, or a tangent to it at the potni, maia 
uith a hoHionlal. t 

It. // Iht depth of tht girder vary throughout at the motaaOt of 
r«j>iJire (I, 51), t. e., w the onUnateg ihowii in the diagramB for tiiOM 
moments (5), then 

(a), tht McuitM tn thefla/nget viU vary at the tecantt (see II. in) of 
Ike <mgUt of inclination to the horiton. So that 

(6), if the ttraitt at a koriiontal partt bt humm, the itrain at any 
other part may be found by malliplying tht former by the teeoM (m« IT, 
IMJ of tht angle of intUnatton of the tatltr. 

It. Sort, For the aperBtloii of mnldpljlns lif tbe eecant of on tagle then 
may bo sabstftuWd a pfometriCBl proooM. Let 
Flf . 37. A D C be nirc of a curved flHnge. IM Che Tsloe of 

1^ feM"Q^ "^^ 'e " ) *" repre»ented to soale b/llie 
toriionial line DB, measnnQg H fhim lome point 
(B) gn the iBDgenl (PB) lo ABC at B. If DF 
be drawn veiiiCBj.f.e j perpondicnlar la DE, Uiea 
.-.., ....... ..= ^ ^^^^ 




• Ae la "box " or " tobnlar " Rtrdera. 

t IBisyflbQtBc/oiiesiiDroiJniallontoUietralib. Bet atwi loMrWM (.VliV- 
* Which wiU gaDeraHj be at tbe centre of nbo^ girder*. 



If at tha Tsrtical Mction tbe flsogs in mmpreuiaD («, IS) be iDelined 
down j j^ I , or tha flmge in tciunoa be inclined down j '^ , the 
ncamtpuintof lapport, f ^1° ( the Terlieal oomponent of tha atrain 
in th«t iuige j ^^ I the ihMiing TorM. Tha ugn of th« ramlt need not 
hsn be reguded. 

If S = Btniin in fluige, 

t K angU which the flang« or a tongeat to it makea with > 
honzontal Urg, aa D B P (fig. 37) ) then, 
8 X Sin S = the " Tertical component referred to above." 

n, Bj CaaMractloB.— Draw a rerticol A B = abear- 
ing &irce. If the dange in lenricm (OB. IS) be incllaed 
down from, or the flange in eompntaion be inclined 
down fa the neareat point of aopport (we will anppose 
the latter case),— Draw CDrepresentiug both in direo- 
tion and amonnt the strain in that fiange, bo that a, 
horjuntal drawn throogh D Bhall cat A. Then CA 
will be the lartical component of tbe atrain in C D. 

Again, if tbe flange in eompreitioa be inclined down 
^wii, or tbe flange in (mnon be inclined down to the 
neareat point of aapport (we will euppoae tbe latter caae),.— Let it be re- 
preienl«d bjEP. Obtain its vertical camponent EB, which abonld b« 
added to AB, in tbe nme wajtbat AC waa aabtracled from it. Then 
C B will b« tbe total reantting atnin on tbe web. Hhonld the amonnt to 
be anbtraeted exceed the mm of the original and that added to it, the 
diffarenoe miut atill be taken. 




of mptore, ttnm nhich theflanfla atrain ia fonnd, will be thHt g 
not by {19}, which i&uar would be naed when making the a 



IB found b; (M or 



SS. NoTi, It will abvioaaly follow, from tbe abore rales, that in 
girdera with cnrred or oblique Sangea, tbe matimani straia in the web does 
not neceaaarily occur when the maximDm abearing strain ie produced. 



• The nilea, 4o., given here are nnl advanced as mftftierQWista^ MB«nJ« 
Ihm ii macb eoDneelea witb tha efl^ot csTvaliaielit4»fiu^«.»'»<-'^»*"' 
In ib# wtb tbtt hia not been MtialiBclorU; daMrauuedi. 



OiLODUTian 



Wbb8 or Opks BBAama. 




84. At anj TSrtical section of s girder tlia atraios in tlie tno boonu art 
Oppwite in ttnd. (5«e 8S, which also applies here.) 

85. When the girder is loaded at the joints (81), the atraio in SDf bay 
of dthoi boom IB coQstaat throughout id lengtli, and acts onl; iu the 
direction of ita length, 

M. A ba; cannot be in direct eoropresdon and teneiaa nmnltaneonalj 
(8t). 

81. Wh^ntver the Uiad or pari of Ike load upon a girder it tUaated 
bHvem tkt two atiremilin of any bay, that bsj mnst be conaidered aa a 
loEided beam, and the atraina in it ealcalated and provided for aooOTd- 
ingly. 

wa. 

88.. The atrajn on any brace i> conatant tiironghont its length, and acta 
onlf in the direc^on of its length. 

89. A brace cannot euSer compression and tonaion BimnltoneouBlj. 

•0, If tvo OT more strains, not all of the same liind, be ac^g upon a 
brace at the same time, the total octnaJ strain in the brace will be equal 
to the algebraical earn of those atraina,* 

M. Th« Nktnn or the StralMs in the diagonal braces of garden 
symmetrically loaded will be — 

(a) in all bars inclined dovn to the nearest snpport — comprCKton (188). 

(i) in all bars inclined down /rtmt the nearest snpport — ttmion (W). 

9», If the girder be not Bymmetrieally loaded, some of the bars will ba 
subject to strains of a nature contrary to that stated in (91 ). 

•3. CsDBter SlFBln*. — With a moving load, some of tbe ban will be 
subject to struus both of oompression and tension, depending on the 
poaidon of tbe load and the proportion it bears to the weight of the girder. 
The strain not according with (•■) ia known as the "counter slrai'n." 

Bote. (W) and (93) do cot apply to ■emi-beams or cantilereTs. 
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94. If the load be brought only upon one boom,* any two bars forming 
an apex on the unloaded boom may be termed a *^pair ;*'+ if these make 
equfld angles with the boom they are equally strained. 

95. If both booms be loaded, then — 

(a) in a warren (zig-zag or single triangle) girder there will be no 
" pairs." t 

{b) in a straight lattice t girder, if the load be equally divided between 
the two booms, bars intersecting at the mid-depth of the girder, and 
making equal angles with the booms, may be termed a **pair,'' and are 
equally strained. 

CALCULATION BT MBAN8 OF TBS MOMENTS OF EUPTURB (pp, 2 to 16) 
AND THE SHEARING FORCES (pp. 16 to 23). 

M* loads reffularly concentrated at the apices of the diagonals, 
may be considered as uniformly distributed loads {Wf in 9 
and 34; when the moments of rupture (1) and shearing ^^^' ^' 
forces are being determined, so long as the concentrated 
load at any apex is equal to half the sum of the supposed 
uniformly distributed load on the two adjoining bays. Thus 
the weig;ht at A (Fig. 39) must be =' | that at B, before the load can 
be considered as uniformly distributed. If the uniformly distri- 
buted load were on the bottom boom in the fig., the weights concentrated at 
G and D would be equal. 

GIRDERS WITH PARALLEL STRAIGHT BOOMS. 

97* Note. As the depth of the girder (a constant divisor in calculating 
the strains from moments) is uniform, the diagrams (4, 5) may be con- 
sidered to give strains instead of moments, if the vertical scale be multiplied 
by the number of units of length in the depth of tbe girder. 

Thus, suppose the diagram had been drawn to a vertical scale of six 
tons to the inch, and that the depth of the girder was two feet (the foot 
being the lineal unit used in the case), then the ordinates in the diagram 
may be considered to give actual strains instead of moments if they be read 
off on a scale of three tons to the inch ; three tons to the inch being a scale 
twice as large as six tons to the inch. 

98. Note. The l^eptb of tbe Girder is the distance between the 
centres of gravity of the cross sections of the booms, and must always be 
expressed in the same units of measurement -as the length of span (2* 34). 

90. Warren Girder (single triangle), ilMMceles Braeinff, I<oaded on 
One Boom Onljr — for any case given under Moments of Rupture, 
pp. 2 to 15. 

Booms. §— For the strain in any bay (84^— 8Y) of the tmloaded boom, — 
Divide the moment of rupture (M^in the formulae, or the ordinate in the 



* Verticals from loaded bays to opposite apices may be considered to distri- 
kmte tbe load between both the booms. 

't When two bars are said to form a pair, it is meant that the tame amount of 
the vertical presmre of the load u iranamiUtd ihnxstjQk tlwm. bottv, 

% Any girder wboae web consists of more ihaA ou'ft a'j%\AtcL qH \x\3»\M::QN3baQiS3E^H& 
coiaeidarM a " latticed* \ ^^^ «i2kaic> VI . 
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diagram, for the case 7 to 33) at tbe opposite apex, by the depth (98) of 
the girder. For any bay (84 — 87) of the loaded boom, take the arithmetical 
mean (half the sum) of the strains in the two opposite bays of the unloaded 
boom. 

Web. — For the strain on any pair (94) of diagonals forming an apex on 
the unloaded boom, — Multiply the shearing force (S He in the fonxralse, or 
the ordinate in the diagram, for the case 34 to 62), developed at the apex, by 
the secant of the angle which the brace makes with a vertical ; or increase 
the shearing force (as aboye) in the proportion of the inclined length of 
the brace to its vertical depth. For the counter strains (93) from moving 
loads, see (190). 

199. The Counter Strains (93) in girders not continnons will be given 
by the smaller value of the two shearing forces given in 49 or 45, 
or by the ordinates (36) to the lines (AK, K B. fig. 30, or A E, E B, 
fiig. 32) in the diagrams which accompany those several cases ; the values 
thus obtained being, of course, multiplied by the sect. (77» 196) of the 
angle between the brace and a vertical, and subject to indeed all the other 
stipulations made (under ** Web") for the sti-ains normal. 

191. In continuous girders with moving loads the counter strains are 
indefinite, but may be supposed to act equal in intensity to the values 
allowed for the regular strains, and for some distance on either side of the 
point of minimum shearing force * (51, 52). 

192. Warren Girder, iMMiceles or sealene Braeln*, witb the load 
brousrbt Eanally upon Both Boomsf — for any case given under 
moments of rupture, pp. 2 to 1 5. 

Booms. !t — For the strain in any bay (84 — 87) of either boom, — Divide 
the moment of rupture (Mxin the formulee, or the ordinate in the diagram, for 
the case 7 to 33) at the opposite apex, by tbe depth (98) of the girder. 

Wbb. — For the strain in any brace, multiply the shearing force (SH« 
in the formulae, or the ordinate in the diagram, for the case 34 to 59), developed 
at the mid-length of the brace, by the secant (126) of the angle which the 
brace makes with a vertical ; or increase the shearing force (as above) in 
the proportion of the inclined length of the brace to its vertical depth. 

For the counter strains (93) from moving loads, see (199, 191). 

193. Girder with One System of Tertieal 8tmts and Inelined 

Ties, loaded either on the top or 

^^' ^' bottom, or both — for any case given 

under moments of rupture, pp. 2 to 
16. 




BooMs.t — For the strain in any 
bay (G D for instance) of either boom 
(84 — 87), — Divide the moment of 
rupture (^« ^ the formnlse, or the ordinate in the diagram, for the case 7 to 



* Actually there will be counter strains for a greater length of the several spans 
iAan there wiU be necesFity practically to provide for them in, as their amount 

tv/JJ aJwavB be exceedingly small near tbe piers comptaixed with the other strainB. 
t ThiB 18 accompliBhed when there are vertaca\& aXi tYie wxAooi^^^ v^\n^%. 

/ /b'ee Also 97. 
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3S) at the opposite apex B, by the depth (98) of the girder. The itrain in any 
bay of the upper boom in a whole girder (A B, fig. 40, for instance,) will be equal 
to the strain m the bay (C D) of the lower boom on the mid-span side of the oppo- 
site apex ; for the moment of rapture will be taken at the same point (horizon- 
tally considered) for both the bays. The bays G E and F G are unnecessary for 
an independent whole girder. 

Wbb. — StruU, If the load be only on the upper boom, the compression 
on any stmt will equal the shearing foree (S Hx in the formulae, or the 
ordinate in the diagram, for the case 3ft to 99% developed at tbe middle 
of the adjoining hay on the far abutment vide ; * if only on the lowers 
then that at the middle of the adjoining bay on the near abutment side ; 
and if equally on the upper and lower booms, then that developed at the 
stmt itself. 

Ties. For the tension on any inclined tie, — Multiply the shearing force 
(34) developed at its mid-length by the secant of the angle it makes with 
a yertical, or increase that shearing force in the proportion ef the length of 
the tie to the length of a stmt. 

Counter Strains (93 — 101). In a girder with the bracing disposed 
similar to that in the figure, a moving load, or a lead coveiing less 
than either half of the girder would produce tension in some of the 
verticals and compression in some of the diagonals (to estimate which see 
IM). This can be obviated by introducing other ties (as H C and H F) which will 
suffer the tension otherwise brought on the verticals. These ties would, however, 
be useless with a stationary i^nmietrical load. 



194« Warren Girder wltlt scalene Braclnv, loaded on one Boom 

— for any case given under moment of rupture, pp. 2 to 15. 

Booms, f— For any bay (84 — 87) in the unloaded boom (C D, fig. 41, for 
instance), — Divide tiie moment of ruptnre (Mx in tbe formulae, or the ordi- 
nate in the diagram, for the case 7 to 33) at the opposite apex ((](), by the depth 
(98) of the girder. 

The strain on any hay of the loaded boom (as E G, fig. 41) will bear the 
same relation to the strains in the opposite bays (H and B) as its apex 
does to their apices horizontally considered (that is, aa the point F does to 
the points E and G), Therefore — 

EF 
StraininEa=> Sir. in H C + =,-7^ (str. in G D — str. in H 0). (See 196). 

Wkb. — For the strain in a pair (94) of braces forming an apex on the 
unloaded boom, — Multiply the shearing force ^ Hx in the formulae, or the 
ordinate in the diagram, for the case 84 to 69), developed at the middle of the 
loaded bay included between the bars, by the secants of the respective 
angles which they foim with a vertical ; or increase the shearing force (as 
ahove) in the proportion ef the inclined length of the respective braces to 
their vertical depth. 

For the counter strains (93) frem moving loads, see 190. 

106* Metbod of appljlns ihe l^laffranui for tbe Moments off 

to the foregoing ca8es.i* 



* Or the "no abutment" sida in a ««a^-\seKai« 
f See also 97. 



Aibiifbr«itatod(M). 

IWOODHldencl unjiLtoTEL.^ , ,.^^ . 

load woold bnug on the apice* In qtunl 



PAunruno or BTkAin. 

«da wblch an in reali^ eoneantrated M tha aplaea mn- 
IT Uiej te Booh h a nnlfonnlf dlMriboted 







DB above 



IM. NoTB. If alt the lines id the diagnin for the tDomenta of rnptnn,. 
to or fmm which (he ordinate! ore direeud to be taken, be ttraiglit, theo 
(he itrain in Htij ha.j ot tilher boom, whether loadtd or unloaded, ma; be 
found &am the ordiDMe taken &t the opposite ape^ hj diriduig the nine 
ot Ih&t ordinate b; (he depth of the girder (unleu •! be eomi<lIed witb, 
when the latter operation mna^ of eoana, be omitted). 

■•1. I«(>le« eirder vithcvl a feniral hay, and if of more IlLotl (wo ' 
_. .. l/aleTnii o/trianslet'ktniBilkaeompltte 

lyittm of tnavguiafion in the half 
tpan (Of ABCDUFG), iuc ot^Mn- 
ber of inlermediate lyttrntt loaded 
nnlforvlT «■ one iHHkm for am equal 
diBtRnce on either tide or tlie aid 
■PHQ (see 110): may be applied iJao to 
coses of cootinDooB girders (3* — 331. 

Boobs.— PlKCe the digTBin (S, d, BI) Ibr 
Ihe moments of ruptnrB (1) for ^e es»e 
above (or below) Itie ouUma sbatoh of Uie 
girder IS9) bs in fig, 43. 

Craw chorda and tangents (ai ahown 
in Gg.) appoints (C B' (y) correapmidiiig 
with the diviBiiau made l^the "priniai? 
triangles." Two potjgODB will Uini be formed, one hy (or mctuding*} the 

' WJ,eo tSl} l3 applied (lie kafl betog MOttito rt*i)«^,tt* ^™4a uA. ^n>. 
STDM w/llofcoane artond only along t£«pw»t»»0»D i.6s.\H. 




noi ■KMi-uiBDia. S5 

dioids, MOthei* b; (or imludiDg*) tbe taDgeoU. For the itntin in uij 
baf of (he unloaded boom take the ordinate to the dreumicribed polygon, * 
at the oentre of the ba; ; and for an; ba; (aa E H) of the loaded boom take 
tbe oc^nate t« the itmribed pulygoa * at the otntis of ibe ba;. if Oie ordi- 
nate* roprewnt tlie momenle of mpBira (4, S, ST), dtride this lalne bf the 
de]>th (98) of the girder. 

Wbb. — Diride the load per unit of length (34) by the nnmbec of tj%- 
iena of Iriangle* (=tlie DDmberof bi^ in ihebauof one of Uie primuytri- 
anglea) for a neir nnit of veigbt, «0, ; moB - = w, or - = ■»', . Then for 
tbe itrain od an; pail (•>) of Uttjoe ban, — Mnltipl; the ibeaiing foiM 
(B H, In the tbrmnla, or the oidinate in the disgrsm— M, 35,— oalonlaUd or 
ooutrootAd iriEh the new unit Vi , or V, J daTeloped at Uiair apex bj Die 
HCut of tiie angle the; nuke wiUi a verUcal, oi iooreaae that abearing 
force in the proportion of the inclined Imglb of the bar to ita isrtical 



tM. Abt iMttlct Bend-«lrdeF Ifuded <u obc Bodbi omIt. 

BOOJU.— If the load be conoentratell, aee IM. IT diilribatBd, plaoe tte 
Bgrem for the momenta of rDptnie (4, S) 

' BbOTO (or below) the onOlue FIr. 43. 



w girder (M). 
Tr««e out the ■yitem of triangnlation 
vbioh tenninates lairl; at the eztremit; 
of tbe girder (tee the thick lines in the 
Eg.) To tbe enrre of momenta (4, s) 
drav chorda and tangenta at points 
( B', Vi comaponding to tba diTiBioni 
made b; the triangles just traced ont 
<D, S, fig. 13). U neootur; fix the cod- 




inlo (bt Mntraent. Two polj^ni will 

Uiu* be formed, wbsn, whatever be the 

namber of sjstema of triangnlation, — 

For the atrun in an; ba; (84— 8T) of 

tbe unliiaded boom take the ordinate, 

at the centre of that ba;, to tbe eirevmiertfKd polygon ; and for an; ba; 

of the foaded boom, to the imeribed pol;gnn. If the ordinates repreteot 

Uie momenta of rofiiait (4, S, SI), divide Uieir vaSoe bj the deptb of the 

0rder (H). 

Wn.— If tbe load be conceatrated, see (II*). If distributed, divide 
the load per unit of lengih (u) by the number of ejetems of triangles 
(Bihe nnmber of bays in the baie of a primary triangle (4 in fig. 43) for a new onit 

of loadf -= w,\ Then fur the strain on anypur(SS) of hiacea forming 

an apex on tbe unloaded boom,— Moltipl; the ehearinE force (s Bz in the 
formnUe, or the ordinate in the disfrram for Lhe case, calo^ated or GOnstrncied 
with thenmunitu,— 34. 3S), deteloped at their apex, b; tbe secant of the 
angle which the; (each) make with a vertical, or increase the shearing 
force (as above) in the proportion of tbe iaelined length of the brace to its 
Tertioal depth. 




le..-3mfig. il} fori new unit of load (^ = w,\ 



m. lAldee-Olrder, if vthnlt, and of mora Aart taa lyitmu of tri- 
angla, then not vithotU a e&atrai apex on one or other iff the boomi (ne 
flg. 41), loaded ■■IDinBly aatl «qiiitIlT in liatli tbe Boonu Ap aa 
eaaal MManec •« either (Me of tlie Hldrtpaa, m&j be applied to Mm- 
tJnaonB g'udan {3% — 33). 

Booms. — Plaos the diauBm (4, S) of the momenla oT mptnre O) immeAiitOy 

BboTB (or below) Uie ontline ekenh (B3, M) 

Fir. M. of Che girder (w Id tbe Sg., where the load 

IB Auppoaed to excend over the whole 

length of the girdei). 

Where the line to or from which the or- 

dinslee are tsken is cuired, draw ehordi 

to it »t points IE' F' Q' C^ eorrespond- 

ingto the several apices (os hoth booms) 

of the Byetem of ttiangnlation whieh Las 

anapexatthemidspan(BFQCinGg.) 

For the strain in anj bay {M— 81) of 

either boom, take the ordinate (o tbe 

pol.vgon,* thae farmed, at the ceDtie of 

that bay. jr the Drdinales repreeem the 

momenU of mptore (t, S, •!), divide 

their value by the depth of the girder. 

Wkb. — IHvide tbe load per nnit of length (u) by tbe number of eystems 

of triangolaUon (= (he number of bays in the baae ol one of the primaiy 

Then for the 

... any lattice bar, or pair+ of bars. Multiply the shearing foree 

(S Hi in the formalB, or the ordinatein the diagram for tbe cose — M, SB), 
dev«toped at its or their mid-length, by tbe secajit of the angle it or tbey 
(each) make with a vertical, or increase the shearing force (as above) in 
tha prDpordoQ of tbe ineliaed length of brace to the vertical depth. 

■MA. // there ii only Too %>l«n« of Trianfftilatiini, Then for the 
strun in any bay (84 — 81) of either boom. Take tbe arithmetioal meaa 
between the moments of rupture at the two ends of the ba; (p uid q), and 
divide it by the depth of the girder. 

Strain in any bay = — -, 

The dhords in the diagram will, however, give the aame reiolt. 

IIS, Cancentratcd Imtdi an ftH((lce Glnten. If a latijne girder ))• 
subjected to the action of a eoncentrated load at any apei, as at D (dg. 42), 
the system of triangles upon one apex of which the load is situated 
(AfiCDEFG, tc,) should ha eongidered aa constituting the sole web of 
the girder—that is, ai far u the concentrated load is concerned, for there 
is also the distributed weight of the girder (el). 'The atraina ttuai thaoon- 
oontiated load miaht be caloolated as if the airder were a warren, and aa if Ihl 
Inlermediate bracing did not eslaC. Indeed, u introdDCB other s^etems of Irian- 
Bles for a atatiooai? aanoentraled load woold be an error in deeiftn, nnleaa Ota 
boom npon which the load is placed be made Bafflciently rigid to distribute part 
of the preesure upon adjacent intermediate apices, in wmoh oase the atraina 
would be very indeflnite. 

- If it be aa application of ewe (»1) the linea iF sai4G B l,Bg, U^ moit be oon- 
vidervii to form pari of the pofygon, 
f TheretrOl be no paim fj>f j^ inilim tha nnmhar nt a^gtwaaoHrtaa^ta^iagna- 
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GIRDERS WITH OURYED OR OBLIQUE BOOMS. 

111. Anjr CoPFed or Obliaue whole or Seml-sirder with a BlB«le« 
trtamffular Web, loaded on One Boom.* (This will include many roof 
principals, bow-staring girders, bent cranes, &c.) 

Booms.— If alternate braces be vertical, then for the strain in any 
bay of either boom; if not, then for the strain in any bay of the im- 
loaded hoom mly, — Diride the moment of rupture (m« in the formulee, or 
the ordinate in the diagram (4, 6). for the case 7 to 33) at the opposite apex by 
the length of the perpendicular let fall from that apex on to the bay. For 
the strains in the loaded bays, when all the braces are inclined, the best 

way is by the diagram as follows. Place the diagram of the moments of 
rupture, immediately above (or below) the outline sketch (53, 69) of the girder. 
If the Unes in the dia^^ram to or from which the ordinates are directed to 
be taken be curved, draw chords at points corresponding to the posi- 
tion of the apices in the loaded boom. Then for the strain in any bay of 
the loaded boom, divide the value of the ordinate to the just-formed 
polygon, taken at the opposite apex, by the length of a perpendicular let 
ML from that apex on to the bay (191). (See 164.) 

Wbb. — For any brace, first determine ^e shearing force (34), acting at 
the middle of the bay on the loaded boom, which forms part of the same 
triangle with the brace in question. Next, fiiid the vertical components (8*, 
81) of the strains in those bays which are opposite sides of a quadrilateral 
figure, whose diagonal is the brace in question. If either of these bays be 
part of a boom in tension, and sloped as a strut (91), or part of a booin in 
compression and sloped as a tie (9l), add the vertical component of the 
strain in it (already found) to the shearmg force first obtained. Again, if 
either of the two same bays be part of a boom in compression and sloped as 
a strut, or part of a boom in tension and sloped as a tie, wbtract its 
vertical component (already found) from the result of the last operation 
(the addition, if any). The total resisting quantity must then be multi- 
plied by the secant of the angle the brace makes with a vertical, or 
increased in the proportion of the inclined length of the brace to the ver- 
tical distance between its ends. If the sign of ike reauU he negative (— X 
It shows that the nature of the strain on the brace is opposite to that 
which its position would have indicated according to the general itiUiB (n). 
Tf the brace be horiz<mtaly the shearing force must be dia^garded, an)! th« 
horizontal components of the bays substituted for their vertical components 
• in. the process detailed above. The strain in a horizontal bay can ha^e 
no vertical component. 

119. Anjr Carved or Obllaae whole or Bemi-sirder with a slnvle* 
trlamffiilar Web, loaded eanalljr on Botb Booms. 

Booms. — For the strain in any bay of either boom, — Divide the moment 
of rupture (Mx in the formulse, or the ordinate in the diagram (4, 6) for the case 
7 to 33), taken at the opposite apex, by the length of a perpendicular let 
fifdl from that apex on to the bay. (See 154.) 

Web. — ^As in the last case, excepting that the shearing force must be 
taken at the mid-length of a line joining the centres of the bays, which are 
two opposite sides of a quadrilateral whose diagonal is th^ braoe. 



* See fix>t note {*\ p. Si. 



3d OALOULATION Of STRAINS. 

113. For C!oiitinao«ui Girden, and Girders fixed at the Ends, the 

foregoing methods may be used in connection with cases 94 to 33 and 46 to 
59, provided that the conditions stated in the hitter and below (113A).ate 
complied with. 

113A. Wherever there is a negative moment of rupture at (or for 
safety in practice near) the abutments, the girder should be anchored down 
at its extremities. (See foot notes, pp. 13 and 15.) 

114. Fixing the Points of Inflexion of Contlnnons Glrdenu — The 

points of inflexion (93) may be practically fixed at any part of a continuous 
girder subject to a moving load, by severing either boom at that part ; 
§ the iipper boom, the Tracts thus severed must be prevented from coming in 
contact. The struetwre is thus resolved into a series of ifidependent gvnurt, 
the strains upon which can then be most readily caUmlaiedt 

Fig. 46. 




BxAMPLB. — ^In the accompanying fig. (46), by severin jf (or really removing) the 
bays of the upper boom opposite C and D, AG and D B become virtnallv senu- 
giraers, each having to sustain in addition to the distributed ]oad upon its length, 
half the total load on C D, suspended at the extremity (11, 39). D is simply an 
independent girder suppwted at both ends. 

115« The points of inflection may he considered as fixed in those con- 
tinuous girders, and girders fixed (or 
^»'^- tied back) at the ends, whose depths 

vary as (or nearly as) the moments of 
rupture. The strains in these also 
may be calculated as if the several 
divisions were independent girders. 

If the tension members running down 
from the towers (as in fig. 46) be made to 
act simply as suspension chains, the strains 
on them may be obtained from 165 or 118. 




CALCULATION BT THE COMPOSITION AND RESOLUTION OP FORCES. 

(applioablb to all oassb or opeh-wbbbed iin>EPBNi>Bira oi&dbbs.) 

MMB» The following principles should be applied to the calculation of the 
atnina on the yariona meml^rs of an open gjtd« (^diaoontinuous) by {1st) 
^fu/in^tAe reaction of the supports /rom ani| M>eight iu the gwdw, «Mi 
(^»d) tracing thi^ reaetuynary prtwwrt tKr<mg^vau* th* -oarvw* vwit. 
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117* Reaction of Bnpporto. Let a and h eqiial the distances from the 
sapportB A aod B, respectively, of the 

centre of gravity of a load (W) on a ^'^« 

beam. Then, 

PreMue on A « Reaction of A = W ^. 





Pressure on B = Beaction of B = W 7. 

In girders, properly so called, the sup- 
ports are supposed to be capable of resisting vertical pressure only. Their 
■veaetion can then only be vertical, and this must be borne in mind.* 

119. Composition and Retolntion of Forces. If two forces (ah and 
Ti e) acting at a given point (a\ be represented both 
in direction and amount by the two adjacent sides ^^•^- 

(a h, a e) of h parallelogram, an equivalent force 
will be represented in both direction and amount 
by the diagonal (a d) of that parallelogram. 

The converse of this is also true. 

11*» If three forces, acting at a given point, be in 

equilibrium (balance), their direction and amount 

will correspond to the three sides of a triangle, if any two of which be 

given, the third may be found. This triangle is nothing more than a 6 <2 or 
aed, fig. 48. 

1M» If there be more tban one concentrated load on a virder, two 

courses may be followed : 

The reactions and the strains produced by each weight separately may 
be found, and the algebraical sum (see foot note, p. 30) taken ; or, 

The reaction of the piers from the whole load may be worked towards 
the mid-span, the downward pressures of the several weights (when they 
are met with), being compounded witii the other pressures during the 
progress. See Example (199). 

The first should be adopted when the load is variable — for then the 
maximum resulting strains of either kind on any member may be found 
(IM) ; the second when the load is stationary. 

SXAMPLB— 
Strains in a Bent Girder [Roof Principal). — Plate I. 

191. Cdleulaiwn hy the Moment* of Rupture (1 to 33) and Shearing Forces (34 
<o5S). 

AF K is half of a bent girder whose clear span is 80 feet. The lower boom 
consists of chords to a curve of 96 feet radios ; and the npper, chords to a carve of 
67 fiaet radios. The load is considered as oniformly distriboted (regarded 
horisontally) on the upper boom, and=. 8 tons = *1 ton (to) per foot of span. Tlie 
braces are alternately vertical and inclined. (See 111.) 



^ Where the stmotore abuts agaiwA the sopports, and those sopports are 
•opposed to be capable of resisting the laiersl pt«&«aT«, ^<ft %\xv)Lti«a^ ^%'s^3^Qafi^ 
an irob. Bad the reaotixm of abutmeuta mnat nsc^ \m QQi&!Ad«E«^ vi^s^ «^^^st> 
HoaL (Bee 14m.) 



40 CALOULITIOV or STRAINS. 

Strai'M in A/e JBootM, — The Btrain in the upper boom is oox 
and in the lower tensile (65). As the braces are alternately vertical ani 
(111), the strains in any bay of either boc«n will equal the moment of i 
for the case (19) taken at the opposite apex, and divided by the depth of 
taken as a i)erpendicular from the apex on to the bay. (See Plate I.) 

Tho moments of rupture (M) may be obtained either from th> 

^M=iif (2— x) (9)(19))> or, ttom a properly constructed diagrs 

The depths (as above) must be scaled firom the outline sketch (SS—M). 

The diagram for the moments as given in 19 apply properly to the 
boom only ; while for the lo«ded boom, an inscribed polygon is require< 
shown in Plate I. But wherever the apices on one boom are verticaUy 
in the present instance) or over those on the other boom, it will be evi 
the only ordinates required from the polygon will be those taken to i 
that is, to the very points where it coincides with the parabola: so 
polygon is unnecessary. 

It will be seen that by drawing the lines of construction for the pa 
dotted in on the Diagram, there is really no necessity to draw the act 
(See also note to 839, m.) 

„^ , . ^ M v>x(l—x) .Diagram Ordinate 
Btrainmanybfty=-=— 2^ 



By FormvXa. By Diagram. 

«x_-. . *« -1 X 6 X 76 18-76 ,, ^^ 

StrammABg 2x1-6 s-^ig" =11*7 tons. 



if 



*f 



it 



a 



»» 



if 



ff 



** 



ff 



' 1 X 13-76 X 66-26 4663 
B0= 2 X 3*9 ^' 8"9 ^^I'^^'^s. 

•1 X 22-26 X 67-6 64-68 
0^ = 23^67 =-5:7- =11-3 tons. 



DBa- 


•1 X 31-26 X 48-76 
2x6-9 


76-17 
~ 6-9 


= 11-039 tons. 


i 

XP v ^ . 


1 X 40 X 40 


80 
■"7-26 




IS JP =s- 


2x7-26 


= 11-034 tons. 


AG = 


18-76* 
1-9 1 




= 9-8 tons. 


OH = 


18-76 • 
2-0 




= 9-3 tons. 


HI = 


46-63* 
4-6 




= 10-1 tons. 


IJ = 


64-68* 
61 




= 10-6 tons. 


JE = 


76-17 • 




= 10-7 tons. 



Strains in the Web. — The values of the Shearing forces (1, 34 
obtained either from the formula for the case (44) or from a diagram 



* The moments of rupture are the same as for the upper boom, its tl 
sri0 at the eame boiizontel distance from the supports. 
J^te/^ "^^"^ • perpendionlar.let fieOl &»mB qiiV> A^Qt^xoaxw! 
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triangle A' F C (Plate I.) corresponding to A E (fig. 31). The vertical compo- 
nents of the strains in the booms must be obtained (111) either by (80) multiplymg 
such strains by the sines of the angles of inclination of the several bi^s (as the 
/ angle i j D for the bay D B, Plate i.), orl^ a geometrical constraction, as shown 
' for the bays D E and i J j for the former, uj is the strain in the bay, and D i the 
/ vertical component. 

Strain in any brace = | S H + (vert, comp.) + (vert, comp.) | sec. B, 

Strain in FE = '437 — '86 b= — '413 tension.* 

„ K B = (-437 + '48 - '86) X 1*7 = '114 tension.* 
„ E J = 1*3 + '48 — 2*6 = — '82 tension. 

„ J D = (1-3 + 1'4 — 2*6) X 2 = •21« tension. 
„ DI =2-2 + r4 — 4-8 = — •7ten8ion. 

„ I C = (2-2 + 2-22 — 4-3) X 3*6 = '42 tension. 
„ CH= 307 + 2-22 — 6-2 = — '93 tension. 

„ HB = (307 + 30— 6'2)x9'6 = — 1'24 tension. 
„ B & = DifT. bet. vert comp. of A Gand GH. 
= 3*0 — 3'7 = — '7 tension. 

199« CalcviliUion ly the Oompantion and Retohiiion cf Farces (116—180). 
For the data see 181. The weights (185) on the several apices ot the upper 
boom most be considered as half the load on the adjacent bays, the load being 
horizontally nniformly distributed. Thus at B will be (2*6 + 4*376) X *1 tons 
=r *687 tons ; and on each of the remaining apices on the upper boom 8'76 x *1 
= '876 tons. The sum of all these weights on the girder will be 7*6 tons, the other 
*6 ton being supported directly by the two piers ('26 ton on each, being half the 
load on the outer bay). The reaction (117) of either pier firom the total load on 

7'6 
the girder will be y &> 3*76, and this must be worked up to the centre by the 

ai»plication of (118 or 119). 

At pier A (Plate I.) draw a perpendicular (A h) = the reaction of A as above. 
Produce AB to a, and through 6 draw b a parallel to A G. A&a is the triangle 
of forces at A. Then (119) 6 a is the tension in A G ; and A a the compres- 
sion in A B. Through a draw a c parallel to G H ; then aebiB the triangle of 
forces at G; e a is the tension in G H, andcft thatin G B. AtB there are acting 
the compression in A B, the tension in G B, and the vertical pressure of the 
weight ('687 tons) at B, bXL of which are held in equilibrium by B G and B H. Let 
A (2 = the sum of the tension (e &) in G B and the weight at B. Join d to a ; and 
d a is the resultant of the three forces just named. To avoid concision, repeat d a 
at ad\ Through cT draw d' «purallel to GB ; and through a, a e parallel to B H. 
Then ei' is the compression m BG; and a «the tension in B H. Transfer a«to 
ef, and join / to a ; tnen/a is the resultant of the strains in B H and G H ; which 
resultant may be resolved in the directions of H and HI j and so on to the 
centre. 

The mexperitnced practitioner noUl find it more convenient and safe to 
worJc by the pwraUdograme (118) instead of the triangles of forces, as the 
nature of the resulting strains is more clearly shown by the former, and 
there is also less liability to confusion. 



KbTHODS of OlLOULAIION FOimDBD ON THE PABALLELOaBAX 07 

FOBOES. 

193. General law of the Btratns In the Booms of Horizontal 
Straight Girders. The increment of strain developed at any apex in the 

♦ See 111, "Web.*' 
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Fiir.49. 



boom, is eqnal to the Tesultant of the horizontal components of the strains 
in the two diagonal bars fimning the apex. 

Let ab andae represent in directixm and amount the strains in two bail 

forming an apex, one bar being in compression, tiie 
other in tension. Let the yertiouis b d and e « be dmwn, 
and throaffh a, the horizontal de. Then bd and ee will 
correspond to the load on the dia^nals b a and ae rafMO* 
txvel^ i d a and a t will be their horizontal components ; and 
de 'mil be the increment of strain developed at a. 

When, however, the strains in the bars are both tension 
or both compression, their horizontal components will be 
antagonistic, and the increment will then be the diffiarenoe 
between them instead of their sum (as d e). 

A vertical brace has no horvsorUal component, 

124. The general Rtdet for booms and bracing (84 to 95) hold good 
here also. 




125. If the load be not eoneentrated at the apices, each apex mnst 
be considered to sustain part of the load on the two adjacent bays. If the 
load be uniformly distribated, each apex will sustain half the load on the 
two adjacent bays. For other distributions of load, the pressure or equivalent 
weight on each apex must be determined from 117. The total loads thus 
allotted to the several apices will be called the ^* weights." 



18«. In this division of the work — 
Let $ = Angle made by any brace with a vertical line. Then- 



See. = 



Inclined length of brace 
Yertical distance betireen its ends 



in g __ Horisontal distance between its ends 
'~ YerUcal distance between its ends" 



Sin. a = 



Horisontal distance between Its ends 
Inclined length. 



• •> 



i \ 



.. .Horisontal length "* • 



197. Straight Beml-vlrder loaded In any manner. 

Wbb. — Every weight (195) on the girder is transmitted through its own 
system of triangles to the abutment. The load on any brace is equal to 
tJbe sum of all Uie weights upon its system, between it and the unsupported 
end of the girder. For the strain on any brace multiply the load on it (as 
above) by sec. 0. 

Books.— By (193), — The horizontal component of the strain in any 
brace = (strain in braoe) x sin. d. (196.) 



M9S,-^£!xAMPLB, —Let fig. 60 represent apanSlel straight girder of otherwise 

irr^ralar oonstraction loaded at three points [af t) . TYie wei^v^V cjt ^Q^i^ VaOl «& a 

Jsoondncted along the braces a bed e, iha,taAiC along « d e. "U lie T«{it«aRD\^^ 



>ralclit W>,i a iriU be the taiuloa (H) on 
Us. It w <> BlueqiulWi. at wUL equal the 
ooQwreHiaii in e A, aiid M t the ineremant at 6. 
nieloadonciJIeeqittltoW, (ndWitosslbar. 
IT « f> = thla load, e « win equl the leonon on 

-■ ' - - ■'— 'nwsmBit lis, and do on; i( 

» „ ./.../i 

/t^UlAi.fthB in 



g «Dal to Wi, i/irlll equal the ■tnin in 
T jT, and 1/ the inoreinant U/T 
Thni (1*8) the tes^OQ (W ) in » ff :^ 



Eo/VuiK 



e + thatindf. Soalaothac 
■ - -li tlLatln/c = </+ 




lettiangleeforlheatainabe drawn to a laige loale, ths 



tke Kstmnllr- 

Wbb.— Stnua (Z) is uj brace == W sec 0. . . . (■>(.) 

Books. — Btrain (B) in anj ba; of either boom, 

8-n Wtau. e, . . . (IM,} 
lAera 'V=tlia wdghl, ui<I«=iiDmber of di«genal* between (ha Mntra of 
tiie baj and V. 

IM. Mmlsht Warrc* Benl^Tder. iMMeelee BraelBC, loaded ■■!• 
turmir om o>e Boom. The weight on the eiidapei=half th&t no the 
othen Cm). 

WiB. — Stnua {Z) in U17 pur of diagonals Ibtming aa iipei on the un- 
loaded boom. 

a = w » B*o. «, . . . (!»•,) 

where w " lead per nnit of length, and x = number of snite between 
the apex and the DDmpported end of the girder. 

Booiu. — The itiain 49) in ui; ba; of the loaded boom, 

8 = |»i(m-l) + i }«ryt»ii. 9 . . . (!«.) 
In any bay of the unloaded boom, 

B = m* H 9 tan. 0, . . . (is*,) 
when m = number of (he bay eounted from the outer end of the girder, 
and y = Imgth of bay. 



131. BtnUcht Wurtn filrder, iMweelfie BnielBVi loaded 
PolBl. 

Wbb. — StTun (Z) ui any diagonal be- 
ween A and W, ^^^ "B'"- 

2 = W ^ aeot. ». 
la any diagonal between B and W, 

3 = W^teo. B. . . (iM.) 
. AwM —Stnia ia eitlier end b«j ol tiM '\«s^ >Mtim.sV;Mdo»A. tK. 
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support) X ton. (117, 196) ; and if this value be considend a xaai, then 
the straios in the bays of the longer boom will be proportional to the series 
1, 3, 5, 7, &c ; and in the shorter boom to the series 2, 4, 6, 8, &o., 
counting from tiie supports. Thus the stradzi in the second bay of the longer 

boom, from pier B will equal (s "W* -j- tan. $ V 

Strain in the bay opposite the loaded apex= ;— «? being the depth 

(»8) of the girder. * ^ 

^ 139. If W be In the eentre of the vlrder, the stnun (S) on any 
diagonal, 

W 

2 = — sec. 6 , . . (1«6.) 

And the strain (S) on the centre bay, 



S = 



4(2 



133. Straiirht Warren Girder, Isosceles Braclnv, with a eon^ 
eentrated MoTins lioad. 

Web. — Every diagonal except the two end ones will be subject to counter 
strains (93). The maximum strain normal on any jMiir of braces forming 
an apex on the unloaded boom, will occur when the load is at the inner 
(mid* span) end of the inclosed bay. The maximum counter strain on any 
IMiir will obtain when the weight is at the Outer (near abutment) end of 
the enclosed bay. The values can be obtained from (131). 

Books. — The maximum strain on any bay (84-7) of the unloaded boom 
is when the weight (W) is at the opposite apex ; and on the loaded boom 
when the weight is at the next inner apex. The values can be obtained 
from (131). 

134. Any Straight Warren or lattice Girder (isosceles of scalene 
bracing), with any l<oad symmetriealljr disposed abont the Centre, 

either on one or both booms. 
Suppose the load collected at the apices, according to (195). 
Web. — The load on any bar wiU be equal to the sum of all the weights 

(185) on its system of triangles, between 
^g- ^^' it and the eentre of the girder. The strain 

on the bar will equal the load on it, multi- 
plied by the secant of the angle it makes 
witii a vertical (196). 

Let the aooompanyinff fig. represent half a 
girder, with loads on both booms symmetrically 
disposed about the centre a. Then the load on 
b a will be half the weight (195) at a, that on be half the weight at a, and the 
whole weight at b; that on e d, the weights at c and b and half the weight at a, and 
BO on; fg will take the whole weight at /; ij the whole weight at i; ef and i e 
will not be neoessaiy. (See foot note, p. 46.) 

Books. — ^The strains on the several toys will be best obtained frt>m 

the web» by the application of (193), by summing the several increments 

(commencing at the outer ends of the ^rder) as follows. 

snie strain inonia the increment at o. But the strain in o » pervades the 

trbo/e Jengtb of the bot^m. boom, and thierefoTe mua^ \>q aAA«d to ell the other 

iaaremente inwards (towardB the centre of Hob glidetV Tha ««mft imsij \a %aA^ ^ 

uiegtnUng in the otter bajB} so ^9*-, «fcr«faifai»ma6l\p!&. %fc o^ -v ^\ai^ ^ iCw 




STBAIGBI GIRDERS WITH M07IKO LOADS. 



4^ 



ndn in m 1 = (ine. ato) + (inc. at n) + (inc. aim) = (strain in m n) + (inc. at m). 
lerefore, the strain in amy bay is eqtud to the strain in the next outer 

y { + ) phbs the vncrem&U at the intermeduUe apex. Note. This applies 
10 to semi-girders. 

185. Any Straight Wanren or lAttiee Girder (isosceles or scalene 
ftdng), with a nnlformljr dlstrlbnted BIotIii« Iioad.* 

Wbb. — The simplest method of obtaining the strains and counter strains 
3) is by tabulating the strains produ(^ by each weight separately, 
ing(l31, ** Web"), which will hold good for other than isosceles bracing, 
ovided the sec. (126) is corrected for the varying angles. The co- 
Lcient, sec. 0, should not, however, be employed imtil after tiie summary is 
ide. See example (136). 

Booms. — The strains in the booms are greatest when the girder is fully 
ided, and may be most easily obtained from tiie web by (123 and 134). 



Fig. 63. 




136. SxAMPLE.—K B, fig. 53, is a girder 60 ft.Iong, 10 ft. deep. The lattice bars 

) inclined at angle of 46' with a vertical. 

e moving load is equal to 1 ton per lin*^ 

>t, = 10 tons at each apex (on the lower 

om) (125). In tabulating the strains, 

ly those bars which incline in one direction 

M be considered, for the remainder are 

ained similarly and equally. (Thus a, 

. 63, corresponds exactly with the bar 

lersecting e, and so on). In the table 

low, + indicates compression, and— ten- 

n. The numbers are the loads on the bars. For the strains, the loads must 

multiplied by sect. 46° = 1*4. The colunms (maximum + ) and (maximum — ) 

) obtained by adding the + values together and the — vBlues together respec- 

ely in each horizontal row. The column (uniform load) is the algebraical sum 

the values in the horizontal rows. 

tracing the action of Wi, it is seen (from 131) that in a, fig. 63, there is from it 

)ad=-W- a 10 X ^ = 8 tons, evidently producing tension (— ); and in c 
I 60 

d e there is a load = W-^ = 10 x — = 2 tons, as evidently producing compres- 

X 60 

n (+). And so on for the other weights. 



Ban. 


Wi 


w« 


Wa 


w* 


Maxi- 
mua 

+ 


MrxI. 
mum 


Unifbrm 
Luad. 


a 


— 8 




— 4 






— 12 


— 12 


b 




— 6 




— 2 




— 8 


— 8 


e 


+ 2 




— 4 




+ 2 


— 4 


— 2 


d 




+ 4 




— 2 


+ 4 


— 2 


+ 2 


t 


+ 2 




+ 6 




+ 8 




+ 8 



t wiU be seen from the above Table that bars c and d (and of course the bars 
lined the other way which correspond to them) will suffer strains of both 
sion and compression. 



* Case of a railway taraiu^-paaBm^cr7«E. 
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137. Non. — Tbe strains in the web resulting firom the weight of the 
girder itself, must not be caloulated simnltaneoasly and in combination 
with those resulting from the moving load. They should be calculated as 
for a stationary load (either by 134, or by tabulating as abore, to form the 
column '* uniform load ").* The values thus obtained for the several bars 
should then be algebraically added to each of the columns (** maximum +", 
** maximum — ", and '* uniform load"); and it will be found that the 
modification in the first two will be more advantageous as the weight of the 
girder becomes large compared with that of the moving load ; for the 
counter strains (93) will be less, and the amount of counter bracing 
necessary will be diminished also. 



138. Any Straight Open-braced Girder, with a load 
trlcally disposed about the Centre. 

Web. — a. By tabulating the strains produced by the several weights, and 
taking their algebraical sum ; 

Or, &. By (1st) abstracting the unsymmetrioal parts of the load, and 
prooeedbg with the remainder by (134), (2nd), calcu- 
latbg for the unsymmetrical part by (135) ; and (Srd), then 
taking their algebraical sum of (1) and (2). 

Books. — From the web by (123). 



139* lAttlce Girders havlnir their Dlaconia Bars fixed toirether 
at their Intersection may be calculated as if the bars were not so fixed ; 
for this mode of constructing a girder ** can never add to the longitudinal 
strain upon it ; but by calling into play the resistance of the bars to cur- 
vature adds to the stiffiiess of the bridge, "f 



140. Simple Tmss. — ^Let AB = 2, WO = d, and p the angle between the 

inclined tie and the horizontal. Then.— > 

'^■"- - wi 

Compression in A6 = -r^ 

W? 
Tension in A C and C B — 77 see. ^, 

Compression on C W = W. 
If WC represent -, then A W or B W will equal strain along AB ; and 

AC or CB that in the ties AC, CB. 




* The two methods will not give equal results at and about the very point (the 
centre of the girder) where the values are of the greatest consequence. This is 
^njte unavoidable ; and the safest course (which need be. pursued only in works 

of importance) 18 to employ both methods, and to provide against the greater 

Btraine. 
f " Wronghi Iron Bridges," by J, H. liBilQMan,"ML.k. 
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141* When Vf it not in the Centre, 
Let A W = a» K^. 55. 

^ = angle OAW» 
^' = angle CBW. 
The other notations as before. 

Compression along AB = W — -, 

Id 

Tension in AC = W — sect. ^, 

Id 

Tension in CB = W — sect. ^' . . . . (1«6,) 

Id 

Compression on W C = W. 
For the pressures on the supports, see (117). 

149. If the trues in either fig, 54 or fig. 55 were invertedt the strains on 
the yarions parts woold change in kind but not in amount. 



148. In both the above cases, the tension on the ties and the direct 
(87) compression on A B would remain the same as at present, if instead of 
being loaded with the concentrated weight W, a load equal to (2 W) were 
spread uniformly along A B. 

144. Componnd Tnuw. — A structure of this kind may be regarded 
as compounded of a number of simple trusses (140). The simple truss 
ACB D has to sustain at its centre (G) half the entire weight of the structure 
and its load. The truss AECF has to sustain at E half the total load 

Pig. 66. 




between A and C. AGEH must likewise be considered as supporting at 
G half the total load between A and B, and so on with the others. With 
a uniformly distributed load on A B, A H E and the three other similar 
trusses would each take | ; A F C and its fellow, each I ; and A D B, | of 
the total load. The strains on the various parts can then b% ob^v;v<%4<x^v^. 
(140). The compression along AB ift Timtoxm ^^^xv^^^sN* 'Qo^^^^'^ 
isngth. 



48 oiloulation of sibaiks. 

Aroh Bbidobs. 
abiohes with spikdbil brioiho. 



145. With a Vmiforai Horizontal load. 

„. ,^ Let i = length of span, 

Fiff. 67. 

V = nse, or verame, 




y — horizontal distance of any point 
from the crown, 

w = load per unit of length. 



Arohbd Bib. — ComprcBBion at the crown (C), 

Sv 
Oompression at any other point (C) 



"-VW^"- 



The expression for 0' is strictly accurate only when the arch* is a parabola,— 
the curve of equilibrium for the load in question. It may, however, be safely 
used in most cases of practice for arcs of circles. 

Spandril.— /jf ^ arch* be parabolic, the only etrain on the spandril 
will be the vertical pressure of the load. (See foot note t, p. 49. ) 
The spandril may then consist of a number of pillars or struts (as in 

Iff Z 

fig. 57), each sustaining a vertical pressure = nearly; N being the 

N — 1 
number of spaces into which the pillars divide the span. 

If it consist of a continuous web, the compression of it per unit of length 
will be equal to w. 

If the arch* be not a p<irabola, the strains in the spandril bracing 
may be obtained from S9, 81, (for continuous or * Opiate bracing'*), or 111 
(for diagonal open work), the rib being considered as the ^* compression 
boom.** 

Top Hobizontal Mbxbkb. — With a parabolic arch this member 
(D B fig. 57) simply acts as an immediate support for the load (87). With 
an arch not aparab<U<i, there will be a strain on it acting in the direction 
of its length, the nature and amount of which may be determined from 
the increments at the apices of the diagonals in the spandril, by the appli- 
cation of the law in 188 as illustrated in 134. 

146. With a Blovlnflr load* 

For obtaininfir the strains on the various parts of a braced arch, Bubject to a 
distributed moving load, the following method may be employed.f 



* More properly the neutral aads, or the line traced through the centres of 
^raritjr of the cross sections of the rib. 
f OiveD byB, Stoney, B.A. (in " Theory of Ete»ina"^ •, «Q!aLQ\Sa«», 
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Gonceiye the load to be collected into weights at the several apices on the 
horizontal member, each apex sustain- 
ing half the load on the two adjacent ^^g- ^^' 

bays. The strains produced by each 
weight separately must then be found 
and tabulated, as in 135. Suppose 
the strains from weight W (fig. 58) are 
to be considered. At W draw the 
vertical W D. From the abutment 
A draw A C D through the crown of 

the arch (0) till it intersects the perpendicular at D. Join D to 
B. If the weight W be resolved (118) in Uie directions A D and B D, the 
amounts and directions of the reactions of the two abutments will be found. 
This may be readily done by producing A D to B, and erecting a perpen- 
dicular at B, Then, if E B equal the weight W, D E will be the reaction 
of A, and J) B the reaction of B. If the former be traced up from A 
towards the weight, and the latter from ' B, by the resolution of forces 
(118, 119) the strains on' the various parts may be thus found ; and the 
same being done for the other weights in succession, the maximum strains 
produced by any position of the load may be derived from a table similar to 
that on page 45. 

If the weight of the structure be small compared with that of the rolling 
load, it will be found that some of the end bays of the horizontal member, 
and of the middle bays in the arch, will occasionally suffer tension. See 
also 137. 

UNBRACED ARCHES, 

Or arches whose stability depends upon the stiffness of the rib itselt 

147. Tbe Nentrai Snrfoce, or neutral curve of an arched rib, is a line 
traced through the centres of gravity {229) of the cross sections of the rib. 

148. Tbe line of PreMiires ia a line the ordinatei to which vary as 
the momevUe of rupture (1) for the load,* 

The line of pressures is given at once in those diagrams (pp. 4 to 6), in 
which the ordinates for the moments of rupture are directed to be taken 
from and on the same side of one hprizontal line. Where this is not the 
case (as in 20 or 21, for instance), the ordinates must be transferred to 
some new horizontal datum. 

The ordinates may be taken to any scale for ready comparison with the 
neutral curve of the rib. 

149. Whenever in any arch the line of pressures coincides with the 
neutral surface, the arch is in equilibrium, and the strain upon it is 
everywhere compressive.^ 

• For Masonry and many other Arelie8ca8el4 will be found exceedingly con- 
venient. The stractore and its load should be considered as made up of several 
small portions, each collected at its centre of gravity. The line of pressures can 
then be obtained by summing the ordinates for a new outline, as there directed. 

t Btriody speaking, the pressure on an arch of other than a thoroughly incom* 
preesible material uters the form of the arch; and this alteration of form, or 
bmding action, induces strains similar to those found in beams (see 1 and 93). 
The tension on equilibriatedribs (150, 151) isinpracticA «o «nA3&. ^^^^^\!iat%sx>x 
develcped,— for this does not occur till the tenftloTiindncedi^s^ VJaabewAvisQ ^sjfiWfta* 
tbe direct compveaeion on the rib) thai it need uot\M t«9:bs^^« 

1^ 
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IM. The Stabilitj of aa Aieh incniiable of Retlttlnc TenslOB is 

aecare so long as the line of pressores does not at any point deviate from 
the neutral curve by an amount, the proportion of which to the depth of 
the rib i« given by tiie values of q (IftS) for various forms of cross section. 

151. Wherever the line of pressures deviates beyond this limit, there is 
a temion on tA« rid on the other side of the neutral surfiEusci increasing with 
the deviation. j 

159. Pressure along one edge of an arched rib invariably produces 
tension on the other edge, whatever be the form of cross section. 

ifts. Limits of the deviation of ihe line of pressures from the neutral 
surface consistent with there being no tension on the rib ; — 

Form of Cfroit SecHon, Value o/q.^ i 

Rectangle i 

Ellipse and Circle \ 

Hollow Rectangle (area =: b h — b' h!) \ 

also I formed section, 6' being the t , /^ V h'^\ ^ / V K \ 

sum of the breadths of the lateral c * \^ "" 6 ^8/ "^ \ bh)* 
hollows. ) 

Hollow Square (area = A' - A'-) ^ \ ^ "*" A* /' 

(&'A''x / V K'\ 

b and y = external and internal breadths ; and 

A and K ■=■ the external and internal heights or depths. 

I, section alike above and below • i ( 1 + . / ^ > )• 

A B= area of each table or flange ; 

A' = area of the connecting web. 

154. The above values of g should be applied as a test for tendon in 

cases of braced arches, and also where the spandril 
^^•^' consists of columns ; for the line <rf pressures is 

then in reality a polygon, with the angles at 
the apices on the rib. (See fig. 59.) 




154 A. When an Aiehed Bridge consists of 
BeTerai unequal SiiaBS, the neutral sur&oes of 
all the ribs should be parts of the same figure— 
(generally arcs of the same drde, or the same parabola). 



* These yaluea ofq are flrom Professor Bisaoadncf a '* C^^'&itxtgcMftacB^r 



SuBPnOOB BSIDQIS. 



lU. OBDtHAftT BVIFUiaicar ] 



Mm Chaiim.— The oorre which tbs main chaint will Mroms will be 
*erj nearlf a parabola. 

Let V = load on each chain pet nnit of length ; 
i = length of apnn ; 

V = TsninH, or depreesion of the chain ; 
p = angle which a Ungenl to the chain at an; point make* with a 

horizontal ; 
jr — horizontal diitanoe of anj point from the mid-lpan. 

Tenrion at centre, T = |^ ; p,^, ^, 

A I aoT other pointy 

. SllSPlHDBro Bods. — LetN — the 
number of spMM iDto which the; divide the ep^ then, 
Tenaion on each = -. 

(ji-j) 

TowEM IHD CDtnmB-aHAiKB. — The tension on the ooanter-ehBina, 
and the pressaree on the towers ma; be readil; found aa foUowe :— Pro- 
dnee the tangent to the main-ebua at the tower (O'till it* length (CD) 
on ft scale of parte, equals the tension at that point (fimnd from 
IT slioTe). ThTongh D draw D B parallel to the direction of the 
oonnter-chain (0 P). Prodnoe the centre tine of the lower till it inter- 
sects D B. Then (118) CB will give the presanre on the tower, and D B 
the tenjuoD on the counter-chain. 




IH. OBDIHIHT SCSpnCStOK I 



When a enEpennon bridge eoniista of ssTeral spana, the chains of all of 
them mnet form portions of one and the some parabola. 

The struns on the whole spans — as B C — will be the same u in <,iss\. 



ThB itnini on the oaUr ipitDB (A B) tie idenUcal with thosa in 




aa die parts A B and B D are equal. Bat where the ftbatnient apaiiB its 
not equal to half the inner onee, the first ooDditionB made in this ptngraph 

mnn be observed, and then "P = ( ^ ) see. (155), I being etiU the 

The oompressiaa on Uie towen will equal the diegonal ot 
whoee »icle« BorrBBponfl in ilireciiim and length to the la — '■ — 
eitliar side (u at E in fl^. 81). 



aiiNS. — The curve which each half of tlie ehaina will asrame 
win tie a parabola with ila aiia parallel 

"' to the directJOE of the eloping toda, 

'' w I' I 

Teniion at mid-span, T ^ -r— ; wher« 

i\Bl'} \b the total vertical lc»d on the 
rode ; the other notatiooB aa in 195. 
TennoD at anir other point, 
Y = in y eosec. ^ ; 
y being the distance from the mid'Bpan to the Iwttoin of the eloping rod, 
' ■■ ■ ~ othe 

Slofihq Roue. — Tenuon on anj rod, 

( = Wsec B; 
where W ia tlie vertical load on the rod (half the load on tlie two adjacent 
bays) ; and the anjgle which the rods maXe with a vertical. 

EoBizoKTAL Mehbeo. — The eompressian (c) on the horiiontal platfoim 
at ioj point distant ig) from the mid-span, i* 

For the Unctri, eee IBS or I6S. 

lid. SirarENaion BaiuOES with Motiho Loids are subject tit ameh 
disfigurement, to prevent or modify which seveial means haye been devised. 
IS>. (1.) An atixiiiary girder from pier to pier, anchored down to the 
abutments. If this girder be contjnnuus for each span, its booms (fig. 33a) 
for abont the middle half of its length ninat he able to resist a strain 
=i_-r-> and the web a shearing force of abont — j ■' being the intenaitf 
of the moring load per unit of iength ', t, t,be U&^b of w^m, and d (he 
depti (»g) ot t^s girder. 



ABUTMENTS AND PIERS. 53 

160. (2.) When the bridge consists of several spans, — Fixing the chains 
to the top of the towers, and considering the latter as semi-girders, 

each one loaded at the extremity with -- — , notation as before (159). While 

8 V 

the tower is safifering the strains consequent on the application of 

this force to its extremity, there is also a direct compression on it 

= fv>+ Tjl* This latter, it most be remembered, modifies the ten- 

sional (4) strains produced by the former. 

161. (3.) Inserting diagonalf' bracing between the roadway and the 
chains. The strains on the various parts may in this case be obtained as 
in 146 ; they will be altered in kind only, not in intensity. 

161 A. (4.) A pair of chains of identical curvature, placed one above 
the other, and having diagonal bracing between, the greatest shearing force 

on which would be -rr- • 

7 . 

161 B. (5.) Counter chains attacked to the main chains at about } span 

from the abutments or piers, and running down to the latter. They 

-^ X sec. B j; being the angle 

between the counter chains and a vertical. 

161 c. (6.) Inclined straight chains, for canying the platform and 
the moving load. They exteud from the towers, and meet or intersect 
each other. They are sustained in the required straight lines by rods, 
which are connected to curved chains, the latter having to carry the 
weight of the straight chains only.* The tension on the latter may be 
found from 155. The tension on the straight chains may be most readily 
found by a parallelogram of forces (118). 



168. Almtmentg aad Piers. Girders, properly so called, viz., those 
structures which simply rest upon the supports, bring upon those supports 
a vertical pressure equal to the shearing force developed there. (See last 
paragraph in 46.) 

A btUments of A rches. The thrust at the abutments of an arch is exactly 
equal to the compression in the arch rib at the springing, the value of 
which may be determined from 145, 146. 

For the towers and piers of suspension bridges, see 155, 156. 

W?le7^ever the piers of a bridge consist of columns, their strength as 
stfcA — their, liability to flexure, &c. — must not be overlooked. (See 168.) 



SECTION in. 
Distribution or Material to resist the oaloulated Strains. 

(Embodying Frocesseses VI, VII, p. 24.) 

168. Tbe strength of a Strncture, or of any part of it, is its ability 
to resist the external forces tending to cause its rupture. 



* Mr. B. M. OxdiBki*!^ «7%\at£u 



54 DISTBIBUTIOV OF THE XATIRIAL. 

IM. Axiom. No whole U stronger than its weakest pari, 

1^5. Vnlfonn strenflfth. A stractare U said to be of nniform strength 
when no one part would yield before another, supposing the stmcture to be 
sabjected to Uie load, or a multiple of that IoemI for which it was designed. 

In stractnres not of uniform strength, all the material in excess of that neoes- 
saiy for uniformity of strengh is redundant.* 

To secure wiiformity of strength, a constant co efficient of safety (179) 
must be nsed for the same material strained in the same way. For beams 
of uniform strength, see 215 — 218. 

166. iTnits. It is necessary to adopt : 

1. Unit of Strain or Stress ; generally 1 lb. avoirdupois, 

9. Unit of Sectional Area ; generally 1 superficial inch. 

3. Compounded Unit of Strain and Area ; 1 lb. per sq. inch. 

Let A = area of a section in units (sq. inches). 

S a calculated strain in units (pounds avoirdupois). 

U — ultimate strength, or breaking weight of the material — 
in lbs. per sq. inch of section. (For numerical values, 
see 931.) 

Co = coefficient of safety (179). 

W S = working strain (179). 

P&iNoiPAL Strains to bb met with in Bbidges, Girbebs, &o. 

167. Tension, causes or tends to cause the fracture of the maWial 
upon which it acts by tearing asunder its particles. 

The resistance to Tension is directly as the area of the cross sectioii of 
the materiali taken perpendicular to the direction of the strain (164). 

Sx Co S 
Area necessary to safely resist a strain, A = — g — =* tstq* 

168. Compression, causes or tends to cause the fidlure of the mate- 
rial, by crushing, buckling, or both combined. 

Crushing, Materials in compression (*' struts **) can be considered liable 
to crushing alone, only when their least diameter (taken perpendicular to 
the direction of the strain) is not more than about ^ of their xmsupported 
length, t The resistance is then directly as the sectional area.:^ 

Area necessary to safely resist a strain, A » ° — ... = — . 

U WS 

^ Buckling. When struts have an unsupported length equal to about 25 § 
times their least diameter, they may be considered to suffer almost en- 



* It cannot be said that the excess is entirely useless ; but more on this point 
would be out of place here, 
t Hodgkinson. 

/ The reaiBtsnoe to crushing of a body whose diameter normal to the pres- 
sare Ikr exceeda its dimensions in a line witia. lSb& ^at«e«Qx«, ia very sieak but 
eqaally indettaite, 
§ S'or wronghtriroD. stmts with riveted Jointot ttom 4D \a %K^ Mansa* 



BBEAKIira WEIOHT OF COLUMNS. 
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tirely by being bnekled, i. e,, erampled up.* Stntto shorter than this fidl, 
partly by enuring, and partly by buckling. 

IM. BBBAKIH6 wxiOHT OF OOLVXNS. — Prof, EodghvMorCs formuUB 
for eatt-iron columns. When of more than from 25 to 30 diameters in length, 

Break, wt. = ^^ \^.f* ^ ^ot solid pillars ; and 

Break, wt - iiii;iz£l!^ 

for hollow cylindrical pillars, flat, or firmly fixed at both ends, d being 
the external diameter, and d' the internal diameter in inches, and I the 
length in fed. Columns rounded or moveable at both ends haye but |the 
strength of those flat or fixed ; and the strength of those with one end fixed 
or flat, and the other rounded or moveable, is about an arithmetical mean 
between these two cases. 

When of less than from 25 to 30 diameters in length, let h be the value 
obtained by the above formulae, and c the crushing load of a short block 
(931) of the same sectional area as the column, then the corrected breaking 

Oeneral formvla for the breaJdng weigJU of Cast and Wrov^ht Iron 
Columnt, 
Let C =B compressive resistance of a short block of the same sectional area. 

I 

r ^ -r^ length of column divided by the greatest diameter. 

n 

For east-iron, B. W. 

For wrought iron, B. W. : 



'68 + •! r 
C 



•86 + '04 r 

Breaking Weight in tone per square inch of section, 

13,500 



cast iron. 



Bound 



wrought iron, 
Square timber, 



330 + r= 
84,000 
2000 + r2' 
850 
850 + r»* 



Breaking Weight of timber pillars^ taking the strength of a cube as 
unity. 



Value of r • • 
Breaking weight • 



1 
1 


12 
i 


24 
i 


36 


48 
i 


60 



Professor Ho04(li^^i»fiia« 
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DiST&IBUTXOir or MATERIA.!. 



170* LONQ STRUTS shoold be made with a eross section, which win 



Pig. 63. 



O + Hlj 



insure a certain amount of rigidity or stiffness, and 
thus resist the tendency to buckle : or they should 
be braced (either externally or intenially)i and 
thus divided into a numb^ of shorter lengths, 
each of which (and, therefore, the braced strut as 
a whole) may be considered as snfferiog crushing alone. 

171. Sheariiiff causes, or tends to cause, contiguous sections of the 
material to slide over each -pig, 64. other (as at A B, sup- 
posing that D B is part of a iH|ttHH loaded beam, A one support, 
and B C part of the load). H^Hg^ ^^^ resistance to shearing 
is directly as the area that ^^^^^H would be sheared. 



Area necessary to safely 



A = 




resist a shearing strain, 



S X Co 



ws 



Shearing strains will be found to act on the vertical web * of continuous 
webbed girders, and in joints generally, which see. 

For Bending, bending intensities, and the resistance of materiaU to 
them, see 1, and 191 et seq. 

172. CToefflelents of Safety are numbers representing the proportions of 
the ultimate strength of materials to the strains that can safely be brought 
upon them. Coefficients of safety may be variously estimate. The fol- 
lowing may, however, be taken as a fair average of the feu^tors at present in 
use where the materials employed and the workmanship are ordinarily 
good. 

Metals. Timber. Masonry. 

For a dead load . . 8 4 to 5 4 

For a live load . . 5 8 to 10 8 

Under dead load may be included all permanent or stationary lends, 
and loads very gradually applied. 
Under live load, all rapidly moving, and suddenly applied loads. 



XTltimate resistance 



» Working strain. 



CoefScient of safety 

173. The Modalas of Elasticity (E) (in pounds per square inch as 
given in 231) is the weight (in pounds) required to elongate or shorten, by 
an amount equal to its original length, a bar of material (of one square 
inch of cross-section), and is on the supposition that the elasticity of the 
material would remain constant throughout the operation. 



strain (In lbs.) per sq. inch on a bar __ 
Mod. of elas. (in lbs.) per sq. inch " 



Increase or diminution of length 
Original lengta of the bar 



Joints. 
174. Jwnts should altoaye he as strong as the parts they serve to join. 



* In the paragraphs 62 and 74, the flanses have no^ \Metii vospii^cMod. to take 
psut in roBiating the Bhearing forces (so oaiEed trom ^e CkhnaxvaK «Ja«^Ti% tSoot^^ 
Aajmore than the web in taJang its share of ttie horiaontol aVjcoima. V9%.^ 



17<> ttlvcM may ^1 id aerenl dlfleraot wofi, dapeadiag a 
ofEca in a jiont. The h«Bd ma; be Bbom off (aa at C D, -. 

B P) ; or tiie rivet maj be raptured at an; aectioD (as 
A B) when (he liTfit U in teDuop. 

Let 8 = the teneional strua ; Uien d {diain. of rivet) 



d not be lees than \/ fi — ;=: 



D or E F ahoold 



ultimate redstancs of the material to tenuon (SSI) 
not be less than — i (1J»), bwng hen the ultimate 

toahearing (tSI). 
When the rivet haa to retiit * ihearii^ atrain (S) at AB, d mut not be 

leaathaa a/ ft" — : jo,, i D being the nlUmateahearing reeiBtanoe. 

T beltu than 



III. Bolt*. — The diameter of a bolt liable to ahearing at the spindle 
(•a at A B, fig. QC) mut be determined from <II«). 

If the bolt be in tanaion it will bil either— let, bj shearing off the 
thread ; 2nd, or by shearing off the head ; Srd, or bj tensiooal mptnie of 
the Bpiudle. For a perieot thread the height of the nnt and of the head 
■honld be equal : bnt to allow for inaccniaoiee of workmanehlp, the height 
of the nnt ahoold be abont twice that of the head. Tbe hnght of the 
not ahonld not be leas than the diameter of the spindle ; in practioe it 
ia freqnentl; made mnob mora than this. 



III. Pla JolBta !■ Tenalon Ban.— (Snch i 
ehoina, triangniar girders, and tiuiaea). 

/*[».— Let n = the least namber of wcUona at 
which the pin niiut be divided befbra tbe joint 
can fiul (1 in fig. 6S), a = aeotioDal area of 
pin, sad S the tenaion on the joint, then 
n= '?m/^^.'^' ' The ooeffldant (178) ehonld be 



Lint. — The Motion of any link-head taken 
through the oenlre of the pin-hole (AB) ahonld 
•qoal about haJf an mooh agun w that t&km ttiwai^'CiaVM A-OoaX-^^ 




vfaare S ii the atnua on the joiiit^ ajid U tha 
■hearing. 
OtntnU Svlt. — Diunettr of pin 




be ] of the iridth c/ tiu liaki. 
Sinttd JoiMi in Ttiui«». 

1 of » pUto whh tint Um 
in it depend! opon tha diapodtlim of the 
rirete. Thai, in tg. 67, the Inrt Mtfan 
of plate that ooold be takm li that »t 
A A. Bnt before the joint tan fail hm 
b7 the mptare of (uj) the upper plate 
at A A, the three rivcta majfcwl a a a 
-magt be ihom. And it will be Ibntd thai 
in a joint ai-nngail in thii vaj, the dEeatii* 
■eotjon wiU be eqaal to Uiat (Abfw rAnN^i 
th*^rtl rind, or Um ofritef, aa at BB. 



■81. ThiKctiomdm-t«i<tfaU,tUrivtUi»ajcmaidkaitQg9lkwimi)ii 

ht equal to A* tiffeetitt aedton (ff the plaie. 

Thediataooe betveen the eeitna irf'ii«eti whieh stand in a line (pwpw. 
diealu to the tenaian on Ote joint) ehonld be made = d + ■- (•'imi**), 

in whiohn ii the nnmber of linea of liTste aa above (fi iiilg. 87); I, tt* 

thickne« of the plate ; and d diameter of riveta. 



IS*. Eai> Joinu ma; bil, — lat. from the teniional m pt nw of the 
effeotiTe aeetioa (IM) of the ptate ; Snd, 1^ the 
Fig, as. shearing of the rirela ; 3rd, b; the aheaiing ont 

of the oTsilapa <A A A A, fig. 68). Tlu ilrai» 
imt(Kkrivtl = j,^™f riT* "mJthejhateeaohto 
be ahorn at one aeotioa onlj (It*). The diitanee 
between the linea of rlTetaUBl), (of whidt than 
are 3 in Gg. 68) miut not be led than the orar. 
lap Toqnired for the liveta in the fint low (aa at 
A). The latter maj be determined from the 
fuHowinf eqnation, 

. B X Co 

la wbiab 8 = teoAoa on the whole joint ; n, total number of rinta ; t, 
thiokoeat of plAte ; U, ultimate ronatanoe ftl<tog\»Jut te JB« « va%; Co, a 
'lalablg ooeSdent of la&tj (IT)). 




Kom la nHBU 

ISS. riA doinu, — When onlj on« oover or fi«h-pUt« i« med (m Id 
Sg. 6S), the cue ia rirtiuUl; identioJ with tiro 
■oDOnnT* l&p-jaiDtl, and can ba oalenlated la - - I^- H' 
rash (IM), When tvo ooTer-pIatea ira em- 
plojed, it U tob«baniaia mind, that befbr«the 
joint Mtt &dl. Mob rivet mnit be ihorn *t Iwo 
■edaoni, so that the lectioa of eaeh need be bet 



oorer-jhlate m 

iinwletl /ott;^ fn Cbinprunoii. 

IM. In lavJoiBta the effeotiTe eeoljoaal ue« of the plate ii 
to the ton at eection b; riTet-helea, not conuting 
theae whieh are beMad anj others in the ^- ^^ 

direction of the preaBiire. Thai, in &g, 70, the 
efieetiTe bearing eection of the plate ia that from 
AtoR 

For the ahearing itiain (III) on each rivet 
(lie), divide the etrun on the joint bj the total 
number of rivets. A rather Urge eoefficieiit of 
aafst; (II«) ehopld be need, as ' ' ' 

vorkmanahip will materiallj 
'n at eeitain pointa. 




ISO, X 



.<» 



on) may be eonudeted w 

in of the plate; for if the 

■ haidl; any loia of etrength 



having on effective Section equal to the total m 
rivets fill the holes as they shonld, there il 
from them. 

The cover-plates are required aimfJj to keep the m 
proper poutiooa. 

IM. Joints formed by slbi ud cottsn ma; be ealcnlated from II>. 
It ia advisable that the obliqnitj of the lar&ces to the direetion of the 
etiwn should oot eioeed i° or G°. 

A few east and wrought iron jointa are given in Plate II. 



n plates in their 



181. A form of joint having been determined, the parts at whiob it is 
liable to fail moet be traoed ont, and anffioient strengUi Ia given to them, 
osing (lU — III), and particnlarly observing (lU). 

IM. JoiBta !■ TenilOM — /'iiAed ami (car/sd joinli. Pigs. 71, 72 ra- 
pesent formsoffieh-joints. 



In Eg. 71 tbe tension 
may oanse rnptnre at A B, 
or C D ; or at B F and 
OH. (Birfi of the latter 
tnnat fiiil before the joint 
gives way by the rupture 
of the flsh-pieoe«.) And 
Autlker, the joint may f--' 




iBTuer, uiejoinimay laii t^— ^^^^^■■^^^^^^^^^^^^ 

by the thaningeSofQF 

MxISa; oTofFBudQT; or oIKQ williH.-, wolf's. wA.'i"* 
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BEA.XS OF TARIOtTS SEOTIOKS. 



Fig. 72. 



abore is ditrdgarding the shearing resistances of the four bolts shown in fig. 

71, which must be taken into account 
in a somewhat similar way. 

Fig. 72 represents a joint fished with 
iron plates, and also "scarfed.** Fig. 
73 shows another form of scarfing. 




Fig. 73. 




189. Joints In Compression.— 

Snrfiices abutting against each other 
should be as nearly as possible per* 
pendicular to the direction of the 
thrust. Where convenient, fish pieces 
may be used to retain the main- 
pieces in their proper position; or 

the latter may abut into cast-iron sockets suitably designed. 
On Plate II. are given several forms of joints for timber structures, which 

can profess only to be suggestive. 

IM* Shovldered Tenon for attaehlns Cross to Main Beams.. — 

T\f[. 74. ^^^ weight on the end of the cross beam AB is borne 

by the shoulder 0, which is let into the main beam for a 
distance equal to about one-sixth of the depth of the 
former. The length of the tenon, D, is about twice its 
depth. 




BBAMS OP YABIOUS SECTIONS. 

!•!• For those beams, £^ers, and other similar structures, in which 
certain parts are supposed to resist certain definite strains (•9), and other 
parts, other strains (for instance, flanged girders with thin continuous webe, 
all open-webbed girders, trusses, &c.) see 63 to 162. A mode of pro- 
cedure Lb there adopted which would not be thoroughly applicable to 
those beams in which every fibre or particle \b considered to take part in 
resisting the bending action of the moment of rupture (1), and where the 
whole section is liable to the action of the shearing force (l). 

In Designing a Beam — 

199. Determine the nature of its cross section. 

If the exact proportions of the section are to be adhered to, 

and the area alone required, — express all the dimensions of 

tiie section in terms of one of them, that there may be but 

one unknown quantity. 

Thus—suppose a beam to support a given load is to be rectan- 
gular, with the depth twice the breadth ,then let 6 = breadth, 
and 2 6 ss depth. 

If all the dimensions of the section, except one^ be given, that 

one will of course be the unknown quantity. Then, — 

J0S, Substitate for M, in the equations given hereafter, its valne m 

/band £vm the span* manner of loading and axxv^t^^^ k^.^ ^-^^ *L tA 15* 

Tlie dimenaioB, or dimeDsionBi reqmE«d.intt;f ibAii\)tt qXasasa^ \Asi^v'^ 



' IN. IC ii KOJ Tcrtical section, there be not aDSoiBiit material to re 
the shearing force (1,34, d uq. and III), tha uecesur; addition mnsi 
nude lo the Baetitm. 

Thifl will eoldom be reqnirod at othor plaoea than near tho anpportA in 
eODtumcHU beama, and near the paistB oT omitrar; fleiare its) m oomiuT 

■M. The tee^ht of the btam itself most almyg* be added to 
eitTaQeoaa load Dpon it ; and maj be approximate^ eatjmated b; a 
<xn elmiliu to that in M. 



IM. Thi Siability or x Loaoid Beix dependa on the equation 

M = B. (I.) 
I9t. Abbreriatians — 

Let M = moment ot tnptnre (I, S), the ralaea of which maj be de- 
termined from the aereial caeea I to 33. 

- ^^ ...—.--. (i)oftheB«tion. 



a = total area of the section. 
C = modnlos of mptiire (MS). 

im. The Nealral Axis (K — A in the aecttons, figa. S2— S4) is a 
section of the neiitcol enr&ce,— a layer in the beam {and the onl; one) 
which ia neither extended nor shortened bj the action of the toad (*). 

lOB. Provided that the timita of elasticity of the material of the beam 
be not exceeded, the iteiilral axit v^ pan ikTovgh the eeaire of graviiy iff 
the lectim (aao). 

sao. There mnal be but one lineal anit need in obtaining the valaea of 
M, K, I, t ; and the saperfioiot unit used for a moat correapond to that 

901. The section at vhieh B and I (IBT) are taken may be mads 
parallel to the teaotjon of the enpports of the beam, t 

ng.7B. 

tM. Wherever either the npper or lover snrhee 
of the beam is not perpendicnlar to the wUon 
of the load, then C ninst be mnililied to (C coe.' B), 
S being the inoJinatioa of the most inclined anr&ee 
to that perpendicular. 



* Except in small oirdets. or beams otmlnor importance. 

t The section at wihich the momenta of reiialance ataonld really be taken is a 
onrred snrfkoa ontlinK the npper and lower edges of ibe beam, and Ihe nenlial 

■ttcfcoa all at right anglea, whaterer be the form of the? ' •' ' 

nptnre to be equated wilb It shonld be taken ttt <to ^i 
•B>*M ntUh tte nenbBl nrilwa ot Ibe beaia. 



MH No«aIu of BmMH»_The Otanlical nliM of li thaiedalaiioe omu 
nuurial to dlieol oompreMion or leniion. But II U finnd from ezparimsnta oo 

hsva baenuaigDed tor ihlL u«-1bl ibM in uSSumta tb* iMlitaocw of iIib 
piRloln of the bsain to ■ cUieM mwi, tb«n ii aiMlMr nAHnsa Uiibis ftom 

the launJ (dbsaioD of Uie Bbrtm to eaeh otbar, tmiwd tlM " FmlMbinTn id 
Flaxun." <BeB BhIoiit on tlu "BlrawUi of X^tHilt," Kb edllioa.*} A^ 
jBd.lfaat in oust meta]tiob«un«(M|iidallrwhaBEHt)tb*oiit<r iktniWfaiohli 
■tnised mora ihu any otbw nan of tba MCtloii. !■ reiy mndi Baong Br (thim 
Diuiy "all-kDOira oBUHi) thai) EhosTsaseMOtloDi whorau If the diraot lauila 
or oompnaaiie naiMauoe of Uw Mma bmm, in the diieodoo of its Immh, wen 
b«iDg aperimentsll; uoartaintd, il mmbl M Ibe av«nae Mctioa at leaik ud 
perhapa the centre (ireakar) pDitiiai eapadaUy, from whum the inenKih wotild be 
daMimuied. Hoirenr, there la erid^itlr ■ nBeaarily to employ a higher valna 
ttiau that Ibr lbs dirsDtnelaMncie; and PntMaorBaiUdiie baa adopted a modnloi 
ofrnptore which ia 18 timei the load reanlced to break abwaf 1 aq. InOh aeotiDn. 
aappoTted on two pointa rate tbot apart, and loaded In Uie middle between the 
anpporla <m). 

Monim or Ibcbtu ins Euistaikib or Biuia or Tauoos SionoKa. 
fM. Beimof aaolid recUngnUr aeetioD. 




~ 12 12 

Obd' Cad 



%»i. Beam of a hollow reetADgnUr section. 

FiK. 17. 

hd*-b'd'» 




C(irf» — i'lf") 



1, Beam of a aolid urcalar ee 




I = -7864 r* - — . 

B = C -786* r* - ^ « M. 



dtffW.Hnmbor. Lonaoni ImekwwAfcOti' 



Kownm Of umiu akd ustiuioa. 
•I. Beun of a hallow oitdnUr wcUoii, 



I = -7861 (r* - t'^). 
•785*C(r'-0 



H. Bekia of a mlid elliptical » 



I = -78B* 1 d'. 

a = -7854 C 6 d> = M. 




W. Beam of a hollow elliptjeal ai 



I = -786* (S (P ~ y li^. 



1*. Beam with one flsnge. 



I=i{* 



f i'tf»- (S'-i)*^ 




ntivs or VAStova seotiohs. 
I. Be»in with two eqn&I Sangca. 




tit. Beam with two naeqnal Sanges. 




I = i b'P-{b-h)(d-eV+Vd'>- 



31$. To OMd (he HonieHM of Inertia kad RealitaBu at kht 
CroH HecltoB made ap of s Dumber of aimiile figuiea. 

Find the moment of inertia of each of the gimple fignrea about an axis 
tniveiriiig lie centre of gravitf parallel to the neutral aiii of the eomplei 

Multiply the area of each of the simple Sgarea h; the square of the 
diMAnce between its oeatre of gravity and the nentnl aiia of the whale 



<f the wliole 



figor 

Add all the reaolta together for the □ 

Let Ii = moment of iaertia of one of the simple figures aboat ita own 
nentral axis ; A lie area ; v the distance from its centre of gravity to 
that of the whole section (svo) ; and I, moment of inertia ot tbe wludo 






1 = (I, + u" A) + ftc. 



Moments of inertja J , aimilar ( ^^^ **'' power 
ifomenta of reaJsUuiM F „p-,^Zr J the 3rd pow" 
Streagtbs t °'''''°'" J ihe 5ii4 ^v ,. 



['■ 
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Bbahs of Rbotangular Section and of Uniform Strength (165). 
Elevaiioru of Beam* of Conttant Breadth^ and Plant of Beams of Constant Depdu 

Fig. 85.— Elevation. 



915. A semi 
beam (7) loaded 
with a concentrated 
weight at its ex- 
tremity. 



f ai&t a parabola, wi 
i- its vertex at B. 



with 



A triangle. 



216. Semi-beam 
(•) loaded uni- 
formly over its en- 
tire length. 



A B, a straight line. 



A B and 6, a pair 
of i)arabo]a8, with 
their apices at B. 




Pig. 87.--Blevation. 




Tim. 88.— Plan. 



* ' -' " " Bi 



Fig. 89.— Elevation. 



917. Beam sap- 
I)orted at both 
ends, loaded at any 
point (13) with 
a concentrated 
weight. 



^ AC and BO, pair of 
parabolas, with 
their vertices at 
A and B respec- 
tively. • 



A D, B C D, a 

Eair of triangles, 
avinga common 
base, C D.« 




Fisr. flO —Plan. 




Fig. 91.— Elevation. 



^A semi-ellipse, AB 



918. Beam sup- 
ported at both ends, 
loaded uniformly h 
(19) over its en- 
tire length. 



mSjjor axis.* 



ACB. ADB.pairof 
parabolas, having 
their vertices at 
mid-span.* 



'< 4 * 4 « * «.4 ^ 



Fig. 92.— Plan. 




• The additional material dotted in a!t t3a.e wa.pyff\ft Vfc \vWi«M»rs Vi ^cw^s^"^^ 
BbeariDg force (194J. ^ 



alf. Hbw (a cat tbe. (I,) §tFaBSfiM sad, <2,} 8tUr«( BecUuwaliU' 
BcaiB from a rrliadricBi Lob, 

Let tba accouipBDjiDg Gkb. 9S, Hi repreaent icctiona of the log. 





Draw a diameter. For the beam who« ultimste streneth will be tbe 
greatest, triaect the diameter. For ttie beam which will deflect the least, 
diride the diametei lata four eqsHl parts. 

Draw perpendicularB to tbe diameter as shown, and their intenectjon 
with the oircumferenoB will determiiiB the inscribed rectangle, which is 
the sectiun oF the reqnired beam. 

««0. To flnd tke Centre of Gnvltj (19») of snr Seetlna, 

Let a, a', a", At., represent the sectional area of tlie sereml elemea- 
tacy parla into which the section may be decomposed ; g, g', ji", &c., the 
known distances of th«r respective centres of gravitj from any fixed mis — 
■aj the lower edge of the beam — and S, the distance from the latter to 
the centre of grant; of the total section ; then, 

g _ Off + a'g' + q'V + Ac 
a + a' + a" + ftc. 



DBFLKCTION. 



If I. DeOeetlDn is the " displacemeDt of bdj poiat of a loaded beam 

&om its position vhen the beam is Dolaaded." 

999. Caasber is an npvard cnrratare, similar and equal to the mail- 
mum calculated detection, given to a beam or girder or some line in it, in 
order to euBore its horizontality when folly loaded. 

aiaciBi WHOsi orom siottons are dmiforh Ann iquai. 

e given with the 



tit. Girder snDParted at botk cad*. 

Let D — central deflection. 
d ■^ central depth. 
/ = len^h of span. 
K = Sam of the extenBion of one ftanee dt \iwib, «nd. tlie abort- 
euingof llieotkecbi &« wxun>«v™'^>it^> 



OORTINUOVS GIBDIBS. 07 

Then D « — - • 
8 d 

K may be fonnd as fullows : Let S = strain in lbs. per sq. in. on either 

boom when the load producing the deflection is on the beam ; E ss modulus 

(S Z \ 
^1 + -^ ) = length 

of boom after the strain is on ; and if V correspond similarly for the other 
boom, then I; + 1^ = K. If the booms be of equal length and section, 
then K = (2 k), 

SS5. SeMil-^rder. 

Let d = depth at support ; the other notations as before. 
The deflection at the unsapported extremity, — 

2d 

9S6. Contlnaoiu Glrden, and Glrden fixed at One or Botli Ends 

(«4— 33). 

When any whole span is analysed it will be Been (84 to 30) that it is equivalent 
to a whole girder supported at the ends, and one or two semi-Kirclers, as the case 
may be. To these the above fornaulsB 

(993—5) may be applied, and the maxi- Fig. 9o, 

mum deflection obtained. Thus — 

For a girder (as A B) fixed at both 
ends (S4— 96), the deflection of the 
semi-beams A C and D B at C and D < 11 
or 995), added to the deflection of C D 
below its ends, as obtained from ( 19, 
10, or 994), will be the total maximum deflection of £ below A. B. 

Again, for eontinuoue girders with moving Uxbda (39, 33), the fnaximum 
defieetion at the middle of a span (B C, fig. 25) will occur aimuUaneouely 
with the maximum poaUive moment of rupture (Mj^ page 14), at which time 
the points of contrary flexure will be at M, M^ (fig. 25), whose positions 
may be determined either from the diagram, or formulae. In the outer 
»pan8 of continuous girders^ and in girders fixed at one end and supported 
only at the other^ the deflection at the middle of the part corresponding to 
a whole girder simply supported (see 98, 90), may be found by adding the 
central deflection ot the latter as such (10, 994) to half the deflection of 
the remaining (semi-beam) portion (11 or 995). 




BREAKING AND SAFE LOADS FOR BRIDGES, GIRDERS, ETC. 

997. In the whole of the foregoing pages it is supposed that the span, 
load, and other data as far as necessary are given, in order to find the 
resulting strains, and the quantity of material to resist them. 

998. To find the l4»ad (breaking or safe) when the Qaantltj of 
Material, Suaii, Ae., are fflTen, is simply an inversion of the former 
calculations. 

For sectional area of material^ tu6sti(tUe aiw equvoa\«nX i^Tava^Xst^sk^K^*^ 
or Bdfe according as breaking or safe load \b y«c^vn^ 
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BRSAKIRO AND SAFB LOADS. 



Then (ucertain the load thai would produce that strain, and that will 
be the load required. 

Remembering that if the structure he not of uniform strength^ 'the 
strength of the weakest pa^rt determines the strength of the whole (IM). 

j}«9. ExAMPLK I.— What load, at the centre of a wrought-iron, ginple-webbed 
or plate f^rder of uniform strength (165), and of the following dimensions, would 
cause the rupture of the girder,— Length of span, 20 ft. ; central dei>th (•?, 75j, 
1*5 ft. ; effective section (180) of the lower flange at the centre, 4 sq. in. ; iron of 
average quality (931). 

As the girder is of uniform strength, it matters not what part is considered, for 
the same result would be obtained. 
Lower flange will he in tension (65—1). 

Ultimate strength of average wrought iron plate (931), 65,000 lbs. per sq. in. 
sq. in. lbs. lbs. 

4 X 55,000 = 220,000 = breaking strength of lower flange. 

Vf I W X 20 

Then from (1« and 61) strain on lower flange = — - = 220,000 lb. = - . ..i ' 

4a 4X10 

Therefore W = ^^*^ ^ ^Jlil^ = 66.000 lb. .= 29*4 tons. 

238. Example n.— Required the greatest safe (ITU) load uniformly distribnted 
ou a rectangular beam of British oak projecting from a wall. 



Length of beam = 6 ft. = 72 in. . . . 
Breadth „ =6 in. 
Depth „ = 9 in. 

Taking coef. (179) as 6 ; C (903) as 10,000. . 

M = B. . . . (1, 196.) 



(900.) 



(931.) 



M = 



wl^ 



(».) 



R = 



Gad 



=«(w036. 



6 X Co ' 

10,000 X 64 X 9 



(«M.) 



36 (w ^ 162,000. 

wl = 4,600 lbs. = 2 tons. 



6X6 
= 162,000 



931. Table of the Strbnoth, &o., of Materials ih Pounds Avoirdvpois 

PER Square iMon of Section. 



• 

MateriaU. 


Ultimate jRetittanee to 


• 

Modulue of 
Maetieitif. 


Foot 


Tenaion. 


Compret- 
$ion. 


Shearing. 


Crott 

Breaking, 

Jfodulua of 

Rupture. 


Mbtals : 
Brass, Cast 


18,000 

49,000 

60,000) 

36,000) 

40,000 
16,000 


10,300 

• •• 

110,000 
110,000 


• •• 

*•• 

• •• 

27,700 


... 

... 
... 

40,000 


9,000,000 

14,230.000 
17,000,000 

18,000,000 


f 487 

{ to 

( 624*4 

633 

(648 

1666 

444 


„ Wire 


Copper, Rolled 

„ Bolts 

Iron, Cast 

,« American best 

„ „ average 



* The Bpeci&c gravitie&m&y be readily {o\mdwYLCXL\\.\&^sxkoyraUuBLi a cable foot 
of water vfeigbs 62' 6 lbs. 



[, feC^ or HiTEKUU. 
TABLK 01 CHI STBRRQfH, ITO., Of MATBIUU— CMtllHIci. 



[too, WrouahE . 
'^ Bm 



rtngiB rispied . 
I,' „ Cables' !! 



Oik, KngUih .. 



£9.000.000 

2s,ooa,ixio 



* IlilBdIfflaiilttoeaclmsutbeoompreeali 
IrOtti M th« malnik] bnlffSB ytrj mnoh and 

f ODeuidimrDiraornTetadH). Jomui 
Umuwb i2i8 iiae of rirsM. — From nmnemiK " 



of short blooki of wi 
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Table or thi Stbingth, iTa, or Matkbials — eonUnued, 



Matertali. 


Xmimate RnUtanee to 




imOa. 


TetuioH. 


1 


Breaking. 

Itoduhutff 

Buptun. 


STOirxB, Cbmutt, 

BTC. : 

Brick, Fire 

„ Strong Bed 

„ Weak Bed 

C?hf^iV ... 


• • • 
( 276 ) 
■ to V 
( 300 j 

••* 

••• 
60 

• •• 

• •• 


i 
1,700 

1.100 

o 

400 
11,000 


••• 
••• 


••• 

••• 

••• 
••• 

••* 

1.100 ) 

to V 

2,300 ) 


••• 

••• 

• •• 
••• 

8,600.000 


l U6 

( 117 

1 174 
} 164 

• to 
I 172 

110 
( 170 

• to 
1 180 
/ 130 

• to 
( 167 


Qranite 


Mortar, ord 

Limestone 

Sandstone 


• •• 

4,600 

( 2,000 

1 to 
I 6,600 


i ... 

! ••• 

••• 

1 



932* Vabious vbthods or dbawinq Pababolas^ the Baoi amd Huoht 

BEINQ GIVEN.* 

I. (Plate III., fig. 1.) Bt obdibatbs ob orrsETS rBox a tax«iit (B D) 

10 THE PARABOLA AT ITS VERTEX (I>). 

Thruagh D draw D E parallel and equal to A G. The oidinatoi or 
offsets from any points in I) E to the parabola will be proportioiial to the 
squares of the distances of those points from D. Thos, if the ordinate ai a 
be 1, then the ordinate at 6. tunce the distance of a from D, niul be 4 ; 
that at c, three times the distance, mnst be 9 ; and eo on. To piroeeed 
practically : Divide E D into a number of equal parts (n) as at 0| 6, c^ kCf 
fig. 1 ; then if E A be divided into (n^) parts, each of these parte will bo 
the required unit, 1 of which is the offset at a, 4 at 6, 9 at e, and m on. 
Through the points a' 6' e', &c, thus determined, the required onrvo mtk 
be drawn. 

II. (Plate III., fig. 2.) Bt OBnnrATEs raoic the babe. 

Divide the base (half of which is represented by A C) into an even 
number of equal parts ; then if the height or ordinate at centre D oorre- 
spond to the square of half the number of those parte (8 x 8 » 64), the 



* The terms height (or ordinate at centre) and base have been used 

Instead of abscissa for the former, and double-ordinate for the latter, that the 

parabola might appear in a more s\mp\e UgYit than, perhaps it otherwise would 

liare done. Any height can be adoptod tot \h.« v*x«^Kt\a.\ wmtDtenoe for 

aoaling ofT the moments (5). &c., being alone fttaOiind. 



PLATE HI. 






































1 




1 
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ordinate at any other point {d for instance) will be represented by tlie 
product of the numbers of parts in the two segments into which d divides 
the base (4 x 12 = 48). The parabola may then be drawn through the 
extremities of the ordinates. 

III. (Plate III., fig. 3.) Br the construction or a magram. 

Draw D E parallel and equal to A C ; divide D E and £ A similarly ; 
the end E of E A corresponding to the end D of E D. Through a, 6, &c., 
in E D, draw a a, bb, &c., parallel to D C. Join D to the several points 
a' b\ &c ^ in B A. The parabola will pass through the intersection of a a 
with J)a',bb with D &', &c. 

Note. If this mode of construction be adopted when the ordinates are 
required at certain points only (and this will generally be the case in 
practice), the actual curve need not be draton^ c^ter the points it passes 
through have been determined. 

lY. (Plate III., fig. 4.)' Bt the construction or a diagram. 

On the base A B describe an isosceles triangle, whose height C E is 
double that of the required parabola. Divide the two sides A E, E B of 
the triangle into an even number of equal parts, and draw lines as in the 
figure. These lines will be tangents to the parabola, which may therefore 
be readily drawn. 

v. (Plate III., fig. 5.) Bt means or a string. 

Draw E D equal and parallel to A 0. Join to F at the bisection of 
B D. Make C F G a rijsht angle. Let F Gt iutersect the production of 
C D. Make D K * = D G, parallel to F D ; H H is a ** straight- edge," 
against which slides the *' set-square ** S. A piece of thread or fine string 
equal in length to the distance A K is fixed, one end at K and the other 
at the point M, in the set square which will traverse the base A C as 
the set square slides along. A pencil, P, by which the string is kept 
tight, and close to the edge of the set square, will describe a true 
parabola. 

To DRAW A tangent TO A PARABOLA AT ANT POINT P. (Plate III., fig. 6.) 

Draw P C perpendicular to the axis E C. Make D E = D C. Join 
B to P, and P E will be the required tangent. 



* K is the " focus " of the parabola. G G' the directrix. 
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great pleasure in cordially recommending this work to our readers." — Artizan. 

** Mr. Humber's stately voltunes lately issued— in which the most important bridges 
erected during the last five years, under the directions of the laXft Mx. \!liro5^sik.^*5sa.^ . 
Cubitt, Mr. Hawkshaw, Mr. Page, Mr. Fow\er, Mr. ■H!«nkan&, «cA tjfCftsxs rsxasswt^^as. 
most eminent engineers, are drawaaoid spec\&ed.m.steax4«Vac^^ — Ensi««eT. 



2 WORKS PUBLISHED BY LOCKWOOD & CO. 

Humberts Record of Modern Engineering, 1866. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1866 : Comprising Civil, Mechanical, Marine, Hydraulic, 
Railway, Bridge, and other Engineering Works, &c. By William 
HuMBER, Assoc. Inst. C.E., and M. Inst. M.E.,- Aurfior of 
" A Complete and Practical Treatise on Cast and Wrought-Iron 
Bridge Construction " Imp. 4to, with 36 Double Plates, drawn to 
a large scale, and Photographic Portrait of John Fowler, Esq., 
President of the Institution of Civil Engineers. Price 3/. 3^. half- 
morocco. \,Just published. 
List of the Plates and Dia^ams, 

NAME AND DESCRIPTION. PLATES. NAME OP BNGINBBR. 

Abbey Mills Pumping Station, Main Drainage, 

Metropolis i to 4 Mr. Bazalgette, C. E. 

Barrow Do.;ks 5 to 9 Messrs. M Clean & Stillman, 

Mancjuis Viaduct, Santiago and Valparaiso [C.E. 

Railway 10, 11 Mr. W. Loy.d, C.E. 

Adams' Locomotive, St Helen's Canal Railw. 11, 13 Mr. H. Cross, C.E. 
Cannon Street Station Roof, Charing Cross 

Railway 14 to 16 Mr. J. Hawkshaw, C.E. 

Road Bridge over the River Moka 17,18 Mr. H. Wakefield, CE. ' 

Telegraphic Apparatus for Mesopotamia .... 19 Mr. Siemens, C. E. 

Viaduct over the River Wye, Midland Railw. 20 to 22 Mr. W. H. Barlow, C.E. 

St. Germans Viaduct, Cornwall Railway .... 23, 24 Mr. Brunei, C.E. 

Wrought-Iron Cylinder for Diving Bell 25 Mr. J. Coode, C.E. 

Millwall Docks 26 to 31 Messrs. J. Fowler, C.E., and 

William Wilson, CE. 

Milroy*s Patent Excavator 32 Mr. Milroy, C E. 

Metroplitan District Railway 33 to 38 Mr. J. Fowler, Engineer-in- 

Chief, and Mr. T. M. 

Johnson, C.E. 
Harbours, Ports, and Breakwaters a to c 

The Letterpress comprises — 

A concluding article on Harbours, Ports, and Breakwaters, with 
Illustrations and detailed descriptions of the Breakwater at Cher- 
bourg, and other important modem works ; an article on the 
Telegraph Lines of Mesopotamia ; a full description of the Wrought- 
iron Diving Cylinder for Ceylon, the circumstances under whiS it 
was used, and the means of working it ; full description of the 
Millwall Docks ; &c., &c., &c. 



Opinions of the Press on the Volume for 1866. 

*' Mr. number's ' Record of Modem Engineering* is a work of |>eculiar value, as 
well as to those who design as to those who study the art of engineering constructioa 
It embodies a vast amount of practical information in the form of full descripticos and 
working drawings of all the most recent and noteworthy engineering works. The 
plates are excellently lithographed, and the present voliune of the * Record ' is not « 
whit behind its predecessors." — Mechanics magazine, July 17, 1868. 

" We gladly welcome another year's issue of this valuable publication from the aUe 

pen of Mr. Humber. The accuracy and general excellence of this work is wdl 

known, while its usefulness in giving the measurements and details of some of the 

latest examples of engineering, as carried out by the most eminent men in ^e pn^ie»- 

sion, cannot be too highly prized." — Artizan, August i, 1868. 

\* TA^ pran&tis Volumes of this important £ngifieenng IVori an 
s////ifffsa/e. See /fillamn^ pages. 
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Humberts Record of Modern Engineering y 1865. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1865, with Photographic Portrait of J. R. M*Clean, Esq., late 
President of the Institution of Civil Engineers. Half morocco, 
price 3/. 3^. 

List of Plates and Diagrams, 



MAIN DRAINAGE, METROPOLIS. 

North Side. 

Map showing Interception of Sewers. 
Middle Level Sewer. Sewer under Re- 

l^ent's Canal. 
Middle Level Sewer. Junction with Fleet 

Ditch. 

Bridge over River Lea. 



Outfall Sewer. 

Elevation. 
Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. 



Bridge over River Lea. 
Bridge over River Lea. 



Bridges over Marsh Lane, 

North Woolwich Radlway, and Bow and 

Barking Railway Junction. 
Outfall Sewer. Bndge over Bow and 

Barking Railway. Elevation. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Details. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Details. 
Outfall Sewer. Bridge oyer East London 

Waterworks' Feeder. Elevation. 
Outfall Sewer. Bridge over East London 

Waterworks' Feeder. Details. 
Outfall Sewer. Reservoir. Plan. 
Outfall Sewer. Reservoir. Section. 
Outfall Sewer. Tumbling Bay and Outlet. 
Outfall Sewer. Penstocks. 

South Side. 

Outfall Sewer. Bermondscy Branch. 

Outfall Sewer. Bermondsey Branch. 
Outfall Sewer. Reservoir and Outlet. 
Plan. 



MAIN DRAINAGE, METROPOLIS, 
continued — 



Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. 
Sections of Sewers 

Sides). 



Reservoir and Outlet. 



Reservoir and Outlet. 

Reservoir and Outlet. 

Filth Hoist. 

(North and South 



THAMES EMBANKMENT. 

Section of River Wall. 

Steam-boat Pier, Westminster. Elevation. 

Steani-boat Pier, Westminster. Details. 

Landing Stairs between Charing Cross 
and Waterloo Bridges. 

York Gate. Front Elevation. 

York Gate. Side Elevation and Details. 

Overflow and Outlet at Savoy Street Sewer. 
Details. 

Overflow and Outlet at Savoy Street Sewer. 
Penstock. 

Overflow and Outlet at Savoy Street Sewer. 
Penstock. 

Steam-boat Pier, Waterloo Bridge. Eleva- 
tion. 

Steam-boat Pier, Waterloo Bridge. De- 
tails. 

Steam-boat Pier, Waterloo Bridge. De- 
tails. 

Junction of Sewers. Plans and Sections. 

Gullies. Plans and Sections. 

Rolling Stock. 

Granite and Iron Forts. 



With copious Descriptive Letterpress, Specifications, &c. 



Opinions of the Press on the Volume for 1865. 

" Mr. Humberts works— especially his annual * Record,' with which so many of our 

readers are now familiar — ^fill a void occupied by no other branch of literature 

The drawings have a constantly increasing value, and whoever desires to possess clear 
representations of the two great works carried out by our Metropolitan Board will 
obtain Mr. number's last volume." — Engineering, 

*' No engineer, architect, or contractor should fail to preserve these records of works 
which, for magnitude, have not their parallel in the present day, no student in the 
profession but should carefully study the details of these great worKs, which he may be 
one day called upon to imitate." — Sfechanic*s Magazine. 

" A work highly creditable to the industry of its author and to the skill and spirit of 
his publishers, and that will no doubt find eager readers in many a young engineer 
abroad or in the provinces, where good examples are rarer than. vnxSv \m» ' V^"«A.wc«kkC 
.... The volume is quite an encyclopaedia lot tht %tvi<dL^ ol ^t %x.>aA.«ox^\«> ^»mcw^ 
to master the subject of municipal draixuige oti \x& S(ca\a tA tE«»s«8''^ ^H^Stfa^-o^ssx. 
PraciiciU MecAanii^s JourwU, 
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Humbers Record of Modern Engineering, 1 864. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1864 ; with Photographic Portrait of Robert Stephenson, 
C.E., M.P., F.R.S., &c Half morocco, price 3/. jj. 

List of the Plates. 

NAME AND DESCRIPTION. PLATES. NAME OF ENGINEER. 

Birkenhead Docks. Low Water Basin i to 15 Mr. G. F. Lyster, C.E. 

Charing Cross Station Roof — C. C. Railway. 16 to 18 Mr. Hawk.<iliaw, C.E. 

Digswell Viaduct — Great Northern Railway. 19 Mr. J. Cubitt, C.E. 

Robbery Wood Viaduct — Great N. Railway. 20 Mr. J. Cubitt, C.E. 

Iron Permanent Way 20a 

Clydach Viaduct — Merthyr, Tredegar, and 

Abergavenny Railway 21 Mr. Gardner, CE. 

Ebbw Viaduct ditto ditto ditto 22 Mr. Gardner, C.E. 

College Wood Viaduct — Cornwall Railway . . 23 Mr. Brunei. 

Dublin Winter Palace Roof 24 to *6 Messrs. Ordish & Le Feuvre. 

Bridge over the Thames— L. C & D. Railw. 27 to 32 Mr. J. Cubitt, C.E. 

Albert Harbour, Greenock . . . . , 33 to 36 Messrs. Bell & Miller. 

With copious Descriptive Letterpress, Specifications, &c. 

'' The engineering annual before us fully maintains Mr. number's reputation as an 
author. It is. as it professes to be, a risumi of all the more interesting and important 
works lately completed in Great Britain ; and containing, as it does, carefully executed 
drawings, with full working details, will be found a valuable accessory to uie profes- 
sion at large." — Engineer. 

" Mr. Humber has done the profession good and true service by the fine coIIecdoQ 
of examples he has here brought before 3ie profession and the public." — Practiced 
Mechanics^ yourtial. 

Humber s Record of Modern Engineering y 1863. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1863; with Photographic Portrait of John Hawkshaw, C.E., 
F.R.S., &c. Half morocco, price 3/, 3J. 

List of the Plates, 

NAME AND DESCRIPTION. PLATES. NAME OF ENGINEER. 

Victoria Station and Roof— L. B.&S. C. Rail i to 8 Mr. R. Jacomb Hood, C.E. 

Southport Pier 9 and 10 Mr. James Brunlees, C.E. 

Victoria Station and Roof— L. C. & D. & G. W. 

Railways 11 to 15A Mr. John Fowler, C.E. 

Roof of Cremorne Music Hall 16 Mr. William Humber, C.E. 

Bridge over G. N. Railway 17 Mr. Joseph Cubitt, CE. 

Roof of Station — Dutch Rhenish Railway .. 18 and 19 Mr. Euschedi, C.£. 

Bridge over the Thames — West London Ex- 
tension Railway 20 to 24 Mr. William Baker, C.E. 

Armour Plates 25 Mr. James Chalmers, C.E. 

Suspension Bridge, Thames 26 to 29 Mr. Peter W. Barlow, C.£. 

The Allen Engine 30 Mr. G. T. Porter, M.E. 

^^Suspension Bridge, Avon 31 to 33 Mr. John Hawkshaw, C E. 

and W. H. Barlow, CE. 

Underground Railway 34 to 36 Mr. John Fowler, C £. 

With copious Descriptive Letterpress, Specifications, &c. 

" Handsomely lithographed and i)rinted. It will find favour with many who desirs 
to preserve in a permanent form copies of the plans and specifications prepared for the 
£ruidance of the contractors for many important engineering works." — Engineer. 

" The large plates illustrating the works which have been selected by Ac Editor for 
the first examples of modem engineerine progress ax^ >mA\ ^ocvUed. and the text b 
devoted to the specifications issued by uie E.T\^\tvcftTs, 9Ji^u^^^^Ea^^<&VeG[&!tt&<<(» 
the execution of the works were based.**— ilWusan. 



WORKS PUBLISHED BY LOCKWOOD & CO. J 

Weale's Engineer s Pocket-Book. 

THE ENGINEER'S, ARCHITECT'S, and CONTRACTOR'S 
POCKET-BOOK (Lockwood & Co.'s ; formerly Weale's) 
Published Annually. In roan tuck, gilt edges, with lo Copper- 
Plates and numerous Woodcuts. Price 6j. 

%* No effort has been spared to render this book worthy of the 
large patronage which has been extended to it. Under the superin- 
tendence of a practical Engineer and Architect, new articles are 
introduced, and the whole carefully revised and adapted to the present 
advanced state of Science. 

Principal Contents op the x868 Issue. 

General Calendar, and usual Almanac Information ; Gas En^eer's Calendar ; 
Memoranda on Electric Telegraphy; Detection of Faults in Submanne Cables ; Rules, 
Formulae, Co-efficients, &c., on Ventilation, Wrought Iron Girders, Cast-Iron and 
Oak Columns and Pillars, Cast-Iron Girders, Corrugated Iron Roofs, Iron Roofs, 
Waterworks, Reservoirs and Filter Beds, Sewers, Hydraulics, Water Wheels, Turbine 
Water Wheels, Pressure of Water, Pumping, Hydraulic Press, Gas Works. Memoran- 
dum Book of Mr. Telford ; Epitome of Mensuration ; Quantities of Materials ; Retaining 
Walls, Rules, and Formulae ; Memoranda for Brickwork ; Tables of Natural Sines, 
Cosines, Tangents, Cotangents, Secants, Cosecants, with Trigonometrical Notes ; 
Memoranda relating to Steam and the Steam Engine— Proportions of Boilers — Engines : 
Tables of the Economic Value and Composition of Coals ; Fuel, Boilers, Furnaces, &c. ; 
Table of the Elastic Properties of Steam ; Evaporative Power of Coals ; Consumption 
of Coal in Steamers ; Knot Tables : Friction — Results of Experiments; Specific Gravity 
of Gases ; Dilatation of Solids — Effects of Heat ; Thermometers — Tables for Fahrenheit, 
Reaumiu*, Centigrade ; Table of Specific Gravities ; Stone ; Current Coins of the Prin- 
cipal Commercial Countries, and their Values in British Money ; Imperial Standard 
Measures of Great Britain ; Commercial Weights and Measures of different Countries, 
and their Equivalent in British Weights and Measures ; Table for Converting British 
Weights and Measures into the Decimal Metric System ; Setting out Curves ; Table 
for Chaining on Sloping Ground ; Table for the Reduction of Feet, Links, and 
Inches ; Lists of Members of the Institution of Civil Engineers and Royal Institute of 
British Architects, corrected to November 1867. 

** There is no work published by or without authority, for the use of the scientific 
branches of the services, which contains anjrthing like the amount of admirably 
arranged, reliable, and useful information. It is r^ly a most solid, substantial, and 
excellent work ; and not a page can be opened by a man of ordinary intelligence which 
will not satisfy him that this praise is amply deserved." — Army and Navy Gazette, 

"The information contained in this * Pocket- Book ' has been judiciously sdected, 
and there is a vast amount of really valuable matter condensed into the small dimen- 
sions of a book which is, in reality, what it professes to be — a pocket-book. .... 
We cordially recommend the book to the notice of the managers of coal and other 
mines ; to them it will prove a handy book of reference on a variety of subjects more 
or less intimately connected with their profession. It might also be placed with 
advantage in the hamds of the subordinate officers in collieries." — Colliery Guardian. 

•* The assignment of the late Mr. Weale's *^ Engineer's Pocket Book* \o Messrs. 
Lockwood & Co., has by no means lowered the standard value of the work. It is too 
well known amone those for whom it is specially intended, to need more from us than 
the observation that this continuation of Mr. Weale's series of Pocket Books well 
sustains the reputation the work has so long enjoyed. Every branch of engineering 
is treated of, and facts, figures, and data of every kind abound." — Mechanic's Maga- 
zine. 

*' It contains a large amount of information peculiarly valuable to those for whose 
use it is compiled. We cordially commend it to the engineering and architectural 
professions generally." — Mining Journal. 

" One of the most valuable books of its class. We strongly recommend it" — Civil 
Engineer and Architecf s Journal. 

**A multitude of useful tables, without refeTciict \o^\K«3cv«Rfc ««««vw,«^^»«3^ 
or contractor could scarcely get through a vngVe ^y»'^«V^* — Scuntvjvc is.c«"ww». 
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Barlow an the Strength of Materials^ enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rnlcs for appikatioo in Architecture^ the Coostruction of 
SospensioQ Bridg^ Railwajrs, &c. ; and an Appendix oo the 
Power of Locomotire Engines^ and the cficct of Indined Planes 
and gradients. Bt Petul Baslow, F. R. S., Mem. Inst, of Fiance ; 
of the Imp. and Royal Academics of Sc Petei sbof gb and Bmsseb ; 
of the Amer. Soc Arts ; and Hon. Mem. Inst. Ci^ Engineers. 
K New and oonskiciaUT Enlarged EditioQ, lerised bj his Sons, 
P. W. Ba&low, F.R.S.', Mem. Inst.,C.E., and W. U. BaUjOW, 
F.R.S., Mem. of Coandl Inst. C.E., to which are added a Sum- 
mary of Experiments by Eatox Hodgkixso^ F.R.S., William 
Fairbaihn, F.R.S., and David Ki&kaldt; an Essay (with 
lUostrations) on the efiiect prudnced br ^mmuhh* Weights over 
Ekstic Bars by the Rev. Robe&t Willis^ M.A., F.R.S. And 
Formulae for Calcnlatiiig Girders, && Tfaie whole airangcd and 
edited by William Humbem, Assoc Inst. C.E., and Mem. Inst. 
M.E., .\nthorof ** A Complete and Practical Treatise oa Cast and 
Wrooght-Iroo Bridge Constmctioa,^ j^ &c. Demy Svo, 400 pp., 
with 19 lazge Plates, and nnmeroos woodcats, price l&r. cloth. 

Opixions of the Pna^ 



" Ibis afidon bos nndcrgDMccopwdrrabie iin|Bimi.t» aad has baca bvoa^kt ( 
to die nrocBt date It is one ai the fizsc books of nAacuo im Kxivmcti. ^—ArtamM. 



^ A hh uugh tsBoedas cbc sixth editioo, the ^rofanae qader couMfm J tiott is w md i y of 
beoag regvded lor aQ iractkad parpoees^ as an eadrdy aev work . . . dfte book 
is imdoohrrtfly worthy of the hi|;hest eo mmnida tion, and of aa hunmirah fe place in 
the Ebnry oc e*ery engjaeer."— JfcMiisf JtmrmmL 

** An iacrcased vahie has been gcren to this ttxj mlMable work by the adkStioo of 
a large auMiant of infu c nau aoa, which cannoC pro^re o c htrwia e than bij^hly oscfnl to 
those who i c quire to cmsult it. ... . The anaai^eaiait and ^^fi^^^g of this 
mass of i ai ucin a tion has been andertaken hf Mr. Homber, who has aaxt ably fulfilled 
a task telfiiring special care and ability to remkr it a saccisss». whick this edition OMSt 
certaiaiy is. He has gi'ven the finishmg touch to the volmne by iac r odma ag ?«tQ it 
aa inCercsthic memoir of Prafessor Barlow, which trib tt Oe of respect, we are soore^ will 
be ap p n r riar rrf by the la rii i hr i s of the enginegring profession.* — JtfdcAaaa^r Mm gmxime , 

*^ A work which Aocdd be wefl stndied by orery rgpiwrr. . . . A book which 
no eagiaeer of any kind can afSxd to be wkhoot. In its present fiacafc ite tor aaji w a toe 
a much iacrcascdl"— CW&ry GmmrdmM. 

** The best book on dae sabfect which has yet appeared. .... We kiaov oC 
no work that so completeiy fb£SIs its misskn. .... As a acieneifr work of d»e 
first ckua, k deserves a foremnst place on the book^eNcs of every cxvil engineer and 
practical mrcfaanir ," — Engliak AtcktBoc. 

** There b ooc a popil in an cngi'nrrrin g school^ an apprentioe in an cnglneei's or 
architect's o&3£. or a competent dezk of works^ who will not recu^oise in the scientific 
vobxnie newly g^^'en to drculatiaa. an old and vahied fr iemi . . . ^ fiir as the strength 
of rrmht-r is awcexned, there is no greater authority than Bariuw." — Stuiiai^ ^Vmr. 

'* It is icarceiy n#^ > wm y £br as to make any coounent opon the &rst 
the oew wslume. .... Valuable alike to the student tyto^ and c: . 
peactitianer, it will always rank in fixture^ as it has bith eit u «iane, as the 
treatiK upon this particular sobject.'' — En^tnar. 

" The present edition offios some important advantages over pe e^iuus ones. The 

adtfitions are both extensive and valuable, comprising exp ci iu ie nis by Hodykinson on 

the -(crenfEth of cast-inm : extracts from papers on the transvene strength of bcajMs by 

W, H. BoHow : an article on the strength of colnmas ; cxpcrinMnis by FavbaiEB^ on 

iroa and steel places^ on the behavi txg of gi rder s subje cted tu the vtbrxiiba of a 

cAan^^H^ibad, andoa varuaa cast an d wtiwm^itHKc n.'bMi Ba .<=K^ rii— ■■ ^Vi Cekakiy, 

.3awraiig6e-danaadaaKifaacs,anda9b«ta^ipa^«C '^ * ^^ 
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Strains, Formulae & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulse and Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
HUMBER, Assoc. Inst. C. E., Author of ** A Practical Treatise on 
Cast and Wrought-Iron Bridge Construction," "A Record of the 
Progress of Modem Engineering, " &c. &c. Fcap. 8vo, with pearly 
100 Woodcuts and 3 Plates, strongly bound. [J*^^ ready. 

Extract from the Preface, 

Notwithstanding that the subject of Strains has been ably treated 
of again and again, the numerous volimies which have appeared have 
not, principally on account of their elaborate investigation, been cal- 
culated to afford that ready assistance which in the ordinary run of 
office and other work is being continually needed, while on the 
other hand, most of the general Engineering pocket-books, not 
having been able to afford sufficient space to do justice to the sub- 
ject, have been compelled to leave its treatment incomplete. It is 
hoped, therefore, that by devoting a small work, in a handy form, 
entirely to Bridge and Girder Calculations, without giving more 
than is absolutely necessary for the complete solution of practical 
problems, both the above obstacles to qmck and satisfactory mani- 
pulations may be overcome. 

One of the chief features of the present work is the extensive 
application of simply constructed Diagrams to the Calculation of 
the Strains on Bridges and Girders. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 
with Practical Remarks on Iron Construction. By F. W. Sheilds, 
M. Inst. C.E. Second Edition, with 5 plates. Royal 8vo, 5 J. cloth. 

Contents . — Introductory Remarks ; Beams Loaded at Centre ; Beams Loaded at 
unequal distances between supports ; Beams uniformly Loaded ; Girders with triangu- 
lar bracing Loaded at centre ; Ditto, Loaded at unequal distances between supports ; 
Ditto, uniformly Loaded; Calculation of the Strains on Girders with triangular 
Basings ; Cantilevers ; Continuous Girders ; Lattice Girders ; Girders with Vertical 
Struts and Diagonal Ties ; Calculation of the Strains on Ditto : Bow and String 
Girders ; Girders of a form not belonging to any r^^lar figure ; Plate Girders ; Ap- 
portionments of Material to Strain ; Comparison of different Girders ; Proportion of 
Length to Depth of Girders ; Character of the Work ; Iron Roofs. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems in Geodesy 
and Practical Astronomy, and Formulse and Tables for Facilitating 
their Calculation, By Major-General Frome, Royal Engineers, 
F.R.A.S., Assoc Inst C.E., and Inspector-Generai of Fortifica- 
tions. Tlnid Edition, revised and mudi Sxa^xoN^^ '*^^i^ vi 
PlAtes and 11 j Woodcuts. Royal Svo, ptvcfc \as. ^^nJOcu 
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Barlow on the Strength of Materials^ enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and gradients. By Peter Barlow, F.R.S., Mem. Inst, of France ; 
of the Imp. and Royal Academies of St. Petersburgh and Brussels ; 
of the Amer. Soc. Arts ; and Hon. Mem. Inst. Civil Engineers. 
A New and considerably Enlarged Edition, revised by his Sons, 
P. W. Barlow, F.R.S., Mem. Inst.,C.E., and W. H. Barlow, 
F.R.S., Mem. of Council Inst. C.E., to which are added a Sum- 
mary of Experiments by Eaton Hodgkinson, F.R.S., William 
Fairbairn, F.R.S., and David Kirkaldy ; an Essay (with 
Illustrations) on the effect produced by passing Weights over 
Elastic Bars, by the Rev. Robert Willis, M.A., F.R.S. And 
Formulae for Calculating Girders, &c. llie whole arranged and 
edited by William Humber, Assoc. Inst. C.K, and Mem. Inst. 
M.E., Author of ** A Complete and Practical Treatise on Cast and 
Wrought-Iron Bridge Construction," &c &c Demy 8vo, 400 pp., 
with 19 large Plates, and numerous woodcuts, price iSj. cloth. 

Opinions of the Press, 

" This edition has undergone considerable improvement, and has been brought down 
to the present date. It is one of the first books of reference in existence." — Artiaan. 

" Although issued as the sixth edition, the volume under consideration is worthy of 
being regarded, lor all practical purposes, as an entirely new work . . . the book 
is undoubtedly worthy of the highest commendation, and of an honourable place in 
the library of every engineer." — Mining youmal. 

"An increased value has been given to this very valuable work by the addition of 
a large amount of information, which cannot prove otherwise than highly useful to 

those who require to consult it The arrangement and editing of this 

mass of information has been undertaken by Mr. Humber, who has most ably fulfilled 
a task requiring special care and ability to' render it a success, which this edition most 
certainly is. He has given the finishing touch to the volume by introducing into it 
an interesting memoir of Professor Barlow, which tribute of respect, we are sure, will 
be appreciated by the members of the engineering profession." — Meckanic^s Magazine, 

" A work which should be well studied by every en^neer. , . . A book which 
no engineer of any kind can afford to be without. In its present form its former value 
is much increased." — Colliery Guardian. 

" The best book on the subject which has yet appeared. .... We know of 

no work that so completely fulfils its mission As a scientific work of the 

first class, it deserves a foremost place on the bookshelves of every civil engineer and 
practical mechanic." — English Mechanic, 

" There is not a pupil in an engineering school, an apprentice in an engineer's or 
architect's office, or a competent clerk of works, who will not recognise in the scientific 
volume newly given to circulation, an old and valued friend. . . So far as the strength 
of timber is concerned, there is no greater authority than Barlow." — Building News. 

"It is scarcely necessary for us to make any comment upon the first portion of 
the new volume. .... Valuable alike to the student tyro, and experienced 
practitioner, it will always rank in future, as it has hitherto done, as the standard 
treatise upon this particular subject." — Engineer. 

** The present edition offers some important advantages over previous ones. The 

additions are both extensive and valuable, comprising experiments by Hodgkinson on 

the strength of cast-iron ; extracts from papers on the transverse strength of beams by 

W. H. Barlow ; an article on the strength of columns ; experiments by Fairl^iim, on 

iron and steel plsttes, on the behaviour of girders subjected to the vibration of a 

changing load, and on various cast and wroughlArotiVjcams ; ex^tvtafiutsbY Kirkaldy, 

on wrought'iron and .steel bars, and a short appendix ot {ottn.v\sB l^t x^sA-f «^^vca!ck!Qsci 

in computing the straim on bridges."— JSw^wtemn^. 
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Strains.Formulce & Diagrams for Calculation of, 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulae and Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
H UMBER, Assoc. Inst. C.E., Author of "A Practical Treatise on 
Cast and Wrought-Iron Bridge Construction," "A Record of the 
Progress of Modem Engineering," &c. &c. Fcap. 8vo, with pearly 
100 Woodcuts and 3 Plates, strongly bound. Vjf^i ready. 

Extract from the Preface, 

Notwithstanding that the subject of Strains has been ably treated 
of again and again, the numerous volumes which have appeared have 
not, principally on account of their elaborate investigation, been cal- 
culated to afford that ready assistance which in the ordinary run of 
office and other work is being continually needed, while on the 
other hand, most of the general Engineering pocket-books, not 
having been able to afford sufficient space to do justice to the sub- 
ject, have been compelled to leave its treatment incomplete. It is 
hoped, therefore, that by devoting a small work, in a handy form, 
entirely to Bridge and Girder Calculations, without giving more 
than is absolutely necessary for the complete solution of practical 
problems, both the above obstacles to quick and satisfactory mani- 
pulations may be overcome. 

One of the chief features of the present work is the extensive 
application of simply constructed Dia^ams to the Calculation of 
the Strains on Bridges and Girders. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 
with Practical Remarks on Iron Construction. By F. W. Sheilds, 
M. Inst. C.E. Second Edition, with 5 plates. Royal 8vo, 5^. cloth. 

Contents . — Introductory Remarks ; Beams Loaded at Centre ; Beams Loaded at 
unequal distances between supports ; Beams uniformly Loaded ; Girders with triangu- 
lar bracing Loaded at centre ; Ditto, Loaded at unequal distances between supports ; 
Ditto, uniformly Loaded; Calculation of the Strains on Girders with triangular 
Basings ; Cantilevers ; Continuous Girders ; Lattice Girders ; Girders with Vertical 
Struts and Diagonal Ties; Calculation of the Strains on Ditto; Bow and String 
Girders ; Girders of a form not belonging to any regular figure ; Plate Girders ; Ap- 
portionments of Material to Strain ; Comparison of different Girders ; Proportion of 
Length to Depth of Girders ; Character of the Work ; Iron Roofs. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems ui Geodesy 
and Practical Astronomy, and Formulae and Tables for Facilitating 
their Calculation. By Major-Gen eral Frome, Royal Engineers, 
F.R.A.S., Assoc Inst. C.E., and Inspector-General of Fortifica- 
tions. Third Edition, revised atvd iwMOa. 'wel^xqn^^ '^N^ v^ 
Piates and ii^ Woodcuts. Royal %no, v^c^ \is. OveJOcu 
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Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. By John Neville, Civil Engineer, M.R.I.A. 
Second Edition, with extensive Additions, New Formulae, Tables, 
and General Information on Rain-fall, Catchment-Basins, Drainage, 
Sewerage, Water Supply for Towns and Mill Power. With nurne* 
rous Woodcuts, 8vo, i6j. cloth. 

•»♦ This work contains a vast number of different hydraulic 
formulae, and the most extensive and accurate tables yet published 
for finding the mean velocity of discharge from triangular, quadri> 
lateral, and circular orifices, pipes, and rivers ; with experimental 
results and co-efficients ; effects of friction ; of the velocity of 
approach ; and of curves, bends, contractions, and expansions ; the 
best form of channel ; the drainage effects of long and short weirs, 
and weir-basins ; extent of back-water from weirs ; contracted 
channels; catchment-basins; hydrostatic and hydraulic pressure; 
water-power, &c. &c. 

Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst. C.E. Fifth Edition, very carefiiUy revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of La)nng 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
&f. dd, cloth. %• Trautwine on Curves, separate, price 5J. 

*' One of the most important text-books for the general surveyor, and there is 
scarcely a question connected with levelling for which a solution would be sought but 
that would be satisfactorily answered by consulting the volume." — Mining youmal, 

" The text-book on levelling in most of our engineering schools and colleges."— 
Engineer. 

"The publishers have rendered a substantial service to the profession, especially to 
the younger members, by bringing out the present edition of Mr. Simms's useful work." 
— Engineering. 

Tunnelling, 

PRACTICAL TUNNELLING ; explaining in Detail the Setting 
out of the Works ; Shaft Sinking and Headmg Driving ; Ranging 
the Lines and Levelling Under-Ground ; Sub- Excavating, Timber- 
ing, and the construction of the Brickwork of Tunnels ; with the 
Amount of Labour required for, and the Cost of the various Por- 
tions of the Work. By Fredk. W. Simms, F.R.A.S., F.G.S., 
M. Inst. C.E., Author of **A Treatise on the Principles and 
Practice of Levelling," &c. &c Second Edition, revised by W. 
Davis HASKOLLf Civil Engineei, ^xxlhor of "The Engineer's 

Field-Book, " &c. &c. With 16 large fo\dicB!^'5\ja.\s& wck.^T!Kac»aAUS 

Woodcuts. Imperial Svo, 1/. li. doWu 
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Strength of Cast IroUy &c, 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS ; intended for the Assistance of Engineers, 
Iron-Masters, Millwrights, Architects, Founders, Smiths, and 
others engaged in the Construction of Machines, Buildings, &c. ; 
containing Practical Rules, Tables, and Examples, founded on a 
series of New Experiments ; with an Extensive Table of the Pro- 
perties of Materials. By the late Thomas Tredgold, Mem. Inst. 
C.E., Author of ** Elementary Principles of Carpentry," ** History 
of the Steam-Engine," &c. Fifth Edition, much improved. 
Edited by Eaton Hodgkinson, F.R.S. ; to which are added 
EXPERIMENTAL RESEARCHES on the STRENGTH and 
OTHER PROPERTIES of CAST IRON ; with the Develop- 
ment of New Principles, Calculations Deduced from them, and 
Inquiries Applicable to Rigid and Tenacious Bodies generally. By 
the Editor. The whole Illustrated with 9 Engravings and nume- 
rous Woodcuts. 8vo, \2s, cloth. 

%• Hodgkinson's Experimental Researches on the 
Strength and Other Properties of Cast Iron may be had 
separately. With Engravings and Woodcuts. 8vo, price 6j. cloth. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 

of its Comparative Merits, and an Essay towards an Improved 

System of Construction, adapted especially to secure Safety and 

Economy. By Dr. Ernst A lb an, Practical Machine Maker, 

Plau, Mecklenberg. Translated from the German, with Notes, by 

Wm. Pole, C.E., F.R.A.S., Assoc Inst. C.E. With 28 fine 

Plates, 8vo, 161". 6df. cloth. 

" A work like this, which goes thoroughljr into the examination of the high-pressure 
engine, the boiler, and its appendages, &c., is exceedingly useful, and deserves a place 
in every scientific library." — Steam Shipping Chronicle, 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Printed on 48 Cards, and sold in a 
cloth box, waistcoat-pocket size, price 3^. 6d. 

** Each table is printed on a small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the instrument — no small advantage as regards the rapidity 
of work. They are clearly printed, and compactly fitted into a small case for the 
pocket — an arrangement that will recommend them to all practical men." — Engineer. 

*' Very handy : a man may know that all his day's work must fall on two of these 
cards, wnich he puts into his own card-case, and leaves the rest behind." — Athenanm.^ 

Laying Out Curves. 

THE FIELD PRACTICE of LAYING OUT CIRCULAR 
CURVES for RAILROADS. By John C. Trautwine, C.E.^ 
of the United States (extracted from ^\^^^>^Q^W!w\j5i^'^5&as^v 
$Y0, $s. sewed. 
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Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, in Reference to the 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
Towns' Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C.E., 
Author of ** The Engineer's Field Book," " Examples of Bridge 
and Viaduct Construction," &c. Demy 8vo, price i%s. 6d. cloth, 
with 14 folding Plates, and numerous Woodcuts, \ytist published. 

" * Land and Marine Surveying' is a most useful and well arranged book for the 
aid of a student .... We can strongly recommend it as a carefuUy-written 
and valuable text-book.** — Builder^ July 14, 1868. 

** So far as the general get-up of the work is concerned, it is much superior to either 
of its predecessors ( ' The Practice of Engineering Field Work,* 3 vols.) ; the lettering 
and figuring of the plans annexed to it are clear and intelligible, and its moderate 
price will not fail to be a recommendation.**— ^«^Vwvr, June 19, 1868. 

" He only who is master of his subject can present it in such a way as to make it 
intelligible to the meanest capacity. It is in Xhxs that Mr. Haskoll excels. He has 
knowledge and experience, and can so give expression to it as to make any matter on 

which he writes, clear to the youngest pupil m a surveyor's office The 

work will be found a useful one to men of experience, for there are few such who will 
not get some good ideas from it ; but it is indispensable to the young practitioner." — 
Colliery Guardian, May 9, 1868. 

" A vojume which cannot fail to prove of the utmost practical utility It 

is one which may be safely recommended to all students who aspire to become clean 
and expert surveyors ; and from the exhaustive manner in which Mr. Haskoll has 
placed his long experience at the disposal of his readers, there will henceforth be no 
excuse for the complaint that young practitioners are at a disadvantage, through the 
neglect of their seniors to point out the importance of minute details, since they can 
readily supply the deficiency by the study of the volume now under consideration.'*— 
Mining journal, May 5, 1868. 

*'A very useful and thoroughly practical treatise We can confidently 

recommend this work to the en^neering student.'* — Ariizan, July, 1868. 

Engineer's Office Sheet 

THE ENGINEER'S AND ARCHITECT'S OFFICE SHEET 
AND ALMANACK, containing Memoranda relating to Standing 
Orders, Railway Construction Regulations, Mensuration, Data and 
Formulae for Wrought-Iron Girders, Steam Engines, Railways, 
Cranes, Roofs, Mill-Gearing, Hydraulics, Weight of Iron, &c. 
Published annually on a large sheet for hanging, price 2s. ; or folded 
in cloth cover, for the desk or pocket, 2j. 6d. 

" Here are 48 well-filled pages of that kind of matter which is in most constant 

reference by engineers and contractors Its character may be expressed 

by a comparison with (although it is in no respect an appropriation from) * Moles* 
worth's Pocket Book,' if spread out upon a single sheet.'* — Engineering. 

" Its contents are of the most handy kind, solving in a rapid manner many a problem 
of daily occurrence with engineers." — English Mechanic. 

" The mechanical engineer, the hydraulic engineer, the builder, and railway and 
mining engineer will, each and all, find occasion throughout the year of referring to 
this sheet — Colliery Guardian, 



t* 



Undoubtedly the most useful engineering sheet almanack yet issued. It com* 
prises information and formulae upon almost every su\>\eci corxnfccxsd with pracdod 
engineering, upon which the man of business is WkeVv ^o tt<v^Mx^\oT«ix«^\M&\s«a6tfst^!» 
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Fire Engineering. 



FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Manual and Steam Fire-Engines, their Construc- 
tion, Use, and Management ; Remarks on Fire- Proof Build- 
ings, and the Preservation of Life from Fire ; Statistics of the Fire 
Appliances in English Towns ; Foreign Fire Systems ; Hints for 
the formation of, and Rules for. Fire Brigades ; and an Account of 
American Steam Fire-Engines. By Charles F. T. Young, C.E., 
Author of "The Economy of Steam Power on Common Roads," 
&c. With numerous Illustrations, Diagrams, &c, handsomely 
printed, 544 pp. , demy 8vo, price i/. 4x. cloth. 

" A large well-filled and useful book upon a subject which possesses a wide and 

increasing public interest To such of our readers as are interested in the 

subject of nresand fire apparatus we can most heartily commend this book . . . . 
It is really the only En^ish work we now have upon the subject." — Engineering. 

** Mr. Youn^ has proved by his present work that he is a good engineer, and pos- 
sessed of sufficient literary energy to inroduce a very readable and interesting volume." 
— Engineer, 

" Fire, above all the elements, U to be dreaded in a great city, and Mr. Young 
deserves hearty thanks for the elaborate pains, benevolent spirit, scientific knowledge, 
and lucid exposition he has brought to besu- upon the subject ; and his substantial book 
should meet with substantial success, for it concerns every one who has even a skin 
which is not fireproof." — Illustrated London News. 

"A volume which must be regarded as the text-book of its subject, and which in 
point of interest and intrinsic value is second to no contribution to a special depart- 
ment of history with which we are acquainted. ' Fires, Fire-Engines, and Fire 
Brigades ' is the production of an earnest and diligent writer who comes to the task he 
has undertaken with a thorough love of it, and a firm determination to do it justice. 

. The style of the work is admirable It has the surpassing 

merit of being thoroughly reliable." — Insurance Record. 

" That Mr. Young's treatise is an exhaustive one will be admitted when we sUite 
that there does not appear to be anything within the scope of his comprehensive title 
that has been left unnoticed. An immense amount of the most varied information 
relating to the subject has been collected from ever^ conceivable source, and goes to 
form a history full of abiding interest. Great credit is unquestionably due to Mr. 
Young for having brought before the public the results of his exploration in this hitherto 
untrodden field. We strongly recommend the book to the notice of all who are in 
any way interested in fires, fire-engines, or firc-hrigSLdes.'* —MecAanic's Magazine. 

Earthwork^ Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. T. S. Graham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 2s. 6d. cloth. 

" We can cordially recommend the work to the notice of our readers." — Building 

Ne7us. 

" As a really handy book for reference, we know of no work equal to it ; and the 
railway engineers and others employed in the measurement and calculation of earth- 
work will find a great amount of practical information very admirably arranged, and 
available for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's offices." — Artizan. 

** The object of this little book is an investigation of all the principles requisite for 
the measurement and calculation of earthworks, and a consideration of the data neces- 
.sary for such operations. The author has evidently bestowed much care in effecting 
this object, and points out with much clearness the results oC \x\& qwt^ <2kV!AKr«^&x^'«i^> 
derived from fv^cticil experience. The sab\ects U«aXftdk ol ^x* vxaxa^o^'*^^ ^h's^- 
executed diagmm and iostructive examples.— A rm> and Navy Qa«etU« 
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Field-Book for Engineers. 



THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, Civil 
Engineer. Second Edition, much enlarged, consisting of a Series 
of Tables, with Rules, Explanations of Systems, and Use of Theo- 
dolite for Traverse Surveying and Plotting the Work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling 
virith the Theodolite, Casting out and Reducing Levels to Datum, 
and Plotting Sections in the ordinary manner; Setting out Curves 
with the Theodolite by Tangential Angles and Multiples with Right 
and Left-hand Readings of the Instrument; Setting out Curves 
without Theodolite on the System of Tangential Angles by Sets of 
Tangents and Offsets ; and Earthwork Tables to 80 feet deep cal- 
culated for every 6 inches in depth. With numerous wood-cuts, 
i2mo, price 12^. cloth. 

**A very useful work for the practical engineer and surveyor. Every person 
engaged in engineering field operations will estimate the importance of such a work 
and the amount of valuable time which will be saved by reference to a set of reliable 
tables prepared with the accuracy and fullness of those given in this volume."— -J? a<7- 
way News, 

** The book is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute will make it useful for many other purposes, the 
genuine transverse tables existing all the same." — Athetueum. 

** The work forms a handsome pocket volume, and cannot fail, from its portability 
and utility, to be extensively patronised by the engineering profession.— ilftiwM^ 
youmal. 

"We know of no better field-book of reference or collection of tables than that 
Mr. Haskoll has given." — Artizan. 

** A series of tables likely to be very useful to many civil engineers.**— 'Bttt'lding News. 

**A very useful book of tables for expediting field-work operations. . . . Tlie present 
edition has been much enlarged." — MecAanic's Magazine, 

** We strongly recommend this second edition of Mr. Haskoll's ' Field Book' to all 
classes of surveyors." — Colliery Guardian. 

^ Railway Engineering. 

THE PRACTICAL RAILWAY ENGINEER. A concise 
Description of the Engineering and Mechanical Operations and 
Structures which are combined in the Formation of Railways for 
Public Traffic ; embracing an Accoimt of the Principal Works ex- 
ecuted in the Construction of Railways ; with Facts, Figures, and 
Data, intended to assist the Civil Engineer in designing and executing 
the important details required. ByG. Drysdale Dempsey, C.E., 
Fourth Edition, revised and greatly extended. With 71 double 
quarto Plates, 72 Woodcuts, and Portrait of George Stephenson. 
! One large voL 4to., 2/. I2j. 6</. cloth. 

Harbours. 

THE DESIGN and CONSTRUCTION of HARBOURS. By 

Thomas Stevenson, F.R.S.E., M.I. C.E. Reprinted and en- 

largedfrom the Article "Harbours,'' in \\vt"E.Vg!Ql\v Edition of "The 

Encyclopxdis. Britannica." Wit'^ 10 "P\aXes aca.^ TMxaKcwa& ^i*s^ 

Svo, JOS, 6if. cloth. 
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Bridge Construction in Masonry^ Timber^ and 
Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
illustrated with 6 pages of Diagrams. Imp. 4to, price 2/. \2s, 6d, 
lialf-morocco. 

** One of the very few works extant descending to the level of ordinary routine, and 
treating on the common cvery-day practice 6f the railway engineer. ... A work of 
the present nature by a man of Mr. HaskoU's experience, must prove invaluable to 
hundreds. The tables of estimates appended to this edition will considerably enhance 
its value." — Engifuering. 

** We must express our cordial approbation of the work just issued by Mr. Haskoll. 
.... Besides examples of the best and most economical forms of bridge construction, 
the author has compued a series of estimates which cannot fail to be of service to the 
practical man. . . . The examples of bridges are selected from those of the most notab e 
construction on the different lines of the kingdom, and their details may consequently 
be safely followed."— /fai/iwiy News. 

** A verv valuable volume, and may be added usefully to the library of every young 
engineer. — Builder. 

** An excellent selection of examples, very carefully drawn to useful scales of pro- 
portion. " — A rtizau. 

Mathematical and Drawing Instruments. 

A TREATISE ON THE PRINCIPAL MATHEMATICAL 
AND DRAWING INSTRUMENTS employed by the Engineer, 
Architect, and Surveyor. By Frederick W. Simms, F.G.S., M. 
Inst. C.E., Author of "Practical Tunnelling," &c. &c. Third 
Edition, with a Description of the Theodolite, together with Instnic- 
tions in Field Work, compiled for the use of Students on commenc- 
ing practice. With numerous Cuts. i2mo, price 3J. (id, cloth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large folding Plates. By Geo. Watson 
Buck, M. Inst. C.E. Second Edition, corrected by W. H. 
Barlow, M. Inst. C.E. Imperial 8vo, I2J. cloth. 

Contents, 

Chap. I.— Descriptive Geometry applicable to the First Principles. 

Chap. II. — Investigation of Formulae for determining the Dimensions and 

Ajigles. 
Chap. III.— Method of Working the Voussoirs, &c 
Chap. IV. — Application of the preceding Formulae. 
Chap. V. — Mode of Erection. 
Chap. VI.— Principles of Projection. 

Chap.VII.^Further Investigations, and concluding Observations, Addendum, 
&c., &c 
" The standard text-book for all engineers r^^arding skew arches, is Mr. Buck's 
treatise, and it would be impossible to consult a \itXXtx"—EngiH€er. 

** A very complete treatise on the subject, re-e<Uted by M^t. B«a\ss«,'«wVi»Va^"*.eA^^ 
to it a method of making the requisite calco\at\oQ& ^^ovaX ^^ >Mfc ^^ xxN^tfsMsiwoxMa^ 
formuke. "—^u/'/der. 
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Rudimentary Works in Engineering, &c. 

WEALE'S SERIES OF RUDIMENTARY WORKS IN 
ENGINEERING, ARCHITECTURE, MECHANICS, &c.&c 
At prices varying from is, to 5^. 

*♦* The following are included in this excellent and cheap Series 
of Books {numbering upwards of 200 different Works in almost every 
department of Science, Art, ^c.), a complete List of which may be 
had on application to Messrs. LocKWOOD & Co. 

STEAM ENGINE. By Dr. Lardneb. is. 

TUBULAR AND IRON GIRDER BRIDGES, including the Britannia and 
Conway Bridges. By G. D. Dempsey. \s. 6d. 

STEAM BOILERS, their Construction and Management. By R. Armstrong. 
With Additions by R. Mallet, is. 6d. 

■ RAILWAY CONSTRUCTION. By Sir M. Stephenson, w. Sd. 

STEAM AND LOCOMOTION, on the Principle of connecting Science with Prac- 
tice. By J. Sewell. 2j. 

THE LOCOMOTIVE ENGINE. By G. D. Dempsey. i*. 6d. 

ILLUSTRATIONS TO THE ABOVE. 4to. 4J. &/. 

STEAM ENGINE, Mathematical Theory of. By T. Baker, xs. 

ENGINEER'S GUIDE TO THE ROYAL AND MERCANTILE NAVIES. 
By a Practical Engineer. Revised by D. F. McCarthy, y. 

LIGHTHOUSES, their Construction and Illumination. By Alan Stevenson, y. 

CRANES AND MACHINERY FOR RAISING HEAVY BODIES, the Art of 

Constructing. By J. Glynn, ij. 

CIVIL ENGINEERING. By H. Law and G. R. Burnell. 4*. 6d. 
DRAINING DISTRICTS AND LANDS. By G. D. Dempsey. is. ) The 
DRAINING AND SEWAGE OF TOWNS AND BUILDINGS. By ?-2vols.ini, 
G. D. Dempsey. as. J P"cc y. 

WELL-SINKING, BORING, AND PUMP WORK. By J. G. Swindell ; 
Revised by G. R. Burnell. xs. 

ROAD-MAKING AND MAINTENANCE OF MACADAMISED ROADS. 
By Gen. Sir J. Burgoyne. xs. 6d. 

AGRICULTURAL ENGINEERING, BUILDINGS, MOTIVE POWERS, 
FIELD MACHINES, MACHINERY AND IMPLEMENTS. By G. H. 
Andrews, C.E. y. 

ECONOMY OF FUEL. By T. S. Prideaux. xs. 

EMBANKING LANDS FROM THE SEA. By J. Wiggins. 3*. 

WATER POWER, as applied to Mills, &c By J. Glynn, as. 

A TREATISE ON GAS WORKS, AND THE PRACTICE OF MANUFAC- 
TURING AND DISTRIBUTING COAL GAS. By S. Hughes, CE. 3*. 

WATERWORKS FOR THE SUPPLY OF CITIES AND TOWNS. By S. 
Hughes, C.E. y. 

SUBTERRANEOUS SURVEYING, AND THE MAGNETIC VARIATION 
OF THE NEEDLE. By T. Fenwick, with Additions by T. Baker, a*. 6d. 

CIVIL ENGINEERING OF NORTH AMERICA. By D. Stbyenson. 3*. 

HYDRAULIC ENGINEERING. By G. R. Burnell. 3*. 

RIVERS AND TORRENTS, with the Method of Regulating their Course and 
Channels, Navigable Canals, &c., from the Italian of Paul Frisi. a*. 6d. 

COMBUSTION OF COAL AND THE PR1N1.^T\0^ O^ ^VLQ«L. ^ 
C. WvE WiLUAMS, M.LCE, y 
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ARCHITECTURE 



Chambers Civil Architecture, by Gwilt. 

A TREATISE ON THE DECORATIVE PART of CIVIL 
ARCHITECTURE. By Sir William Chambers, K.P.S., 
F.R.S., F.S.A., F.R.S.S. With Illustrations, Notes, and an Exami- 
nation of Grecian Architecture, by Joseph Gwilt, F. S. A. New and 
Cheap Edition, revised and edited by W. H. Leeds. With 65 
Plates, and Portrait of the Author. Royal 4to, i/. \s, cloth. 

%* A new edition of this standard architectural work {which has 
already passed through several high-priced issues), so cheap as to place 
it within the reach of the humbler classes of students and practical 
men, and at the same time so carefully edited and well executed as to 
make it worthy of a place on the shelves of the more opulent, cannot 
fail to be received as a boon by the professional public. 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. Wickes, Architect, 
Author of ** The Spires and Towers of the Mediaeval Churches of 
England," &c. First Series, consisting of 30 Plates ; Second 
Series, 31 Plates. Complete in i vol., 4to, price 2/. icxf. half 
morocco. Either Series separate, price i/. is. each, half morocco. 

" The whole of the designs bear evidence of their being the works of an artistic 
architect, and they will prove very valuable and suggestive to architects, students, and 
amateurs." — Building News. 

'* Suburban builders, who are now so lareely-employed all round the metropolis, 
may get a few valuable hints by consulting Mr. Wickes's publication." — Art Journal. 

" There is so much elegance and good taste manifested in these desi^s for villa 
residences, and so much practical knowledge is displayed in the accomptanymg working 
plans, that we have pleasure in recommending the work to the profession as well as to 
persons about to build." — News of the World. 

Ventilation, 

A TREATISE ON VENTILATION, NATURAL and ARTI- 
FICIAL. By Robert Ritchie, C.E., Associate of the Institution 
of Civil Engineers, London ; Past Vice-President of the Royal 
Scottish Society of Arts ; Author of " Railways, their Rise, Pro- 
gress, and Construction ; " ** The Farm Engineer, with Remarks 
on the Ventilation of Farm Buildings," and various Prize Essays on 
the Ventilation of Factories, Ships, &c &c. With numerous Plates 
and Woodcuts. 8vo, &f. dd, cloth. 

" An interesting and extremely useful volume, in which the subject of ventilation is 
completely and exhaustively treated." — Mining Journal. 

" We do not know to what work wc could refer the reader for a more complete yet 
concise account of the whole subject of ventilation. This must continue to he Cqc saxsna. 
time the text-book upon one of the chief difficuVties ol ^otftes.>as: w<2cL\\s&N3ax^^:ssMacraK-- 
tlon and of social hygienics." — Lancet, 
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The Young Architects Book. 

HINTS TO YOUNG ARCHITECTS ; comprising Advice to 
those who, while yet at school, are destined to the Profession ; to 
such as, having passed their pupilage, are about to travel ; and to 
those who, having completed their education, are about to practise. 
By George Wightwick, Architect, Author of "The Palace of 
Architecture," &c. &c Second Edition. With numerous Wood- 
cuts. 8vo, 7^., extra cloth. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne, Author of a ** Rudimentary Treatise on Per- 
spective for Beginners." With 14 Plates, 4to, *js, 6^., boards. 

Contents. — I. Practical Rules on Drawing— Outlines. II. Ditto— the Grecian 
and Roman Orders. III. Practical Rules on Drawing — Perspective. IV. Practical 
Rules on Light and Shade. V. Practical Rules on Colour, &c. &c 

Wealds Builder s and Contractor's Price Book. 

THE BUILDER'S AND CONTRACTOR'S PRICE BOOK 
(Lock WOOD & Co.'s, formerly Weale's). Published Annually. 
Containing the latest Prices for Work in all branches of the Building 
Trade, with Items numbered for easy reference, and an Appendix 
of Tables, Notes, and Memoranda, arranged to afford detailed 
information, commonly required in preparing Estimates, &c. 
Edited by George R. Burnell, F.G.S., F.S.A., &c, Civil 
Engineer and Architect. i2mo, 4X., cloth lettered. 

*^^* This book is now the universally recognised arbitrator in the 
settlement of disputed accounts. The present edition hcts been thoroughly 
revised; evety line and figure hcts been carefully considered and com- 
pared with existing Price Lists, Not being printed from stereotype 
plates year after year ^ as is the case with other books of the kind^ errors 
are not perpetuated, and the opportunity is taken in every reprint to 
introduce current prices and other desirable improvements, 

'* A multitudinous variety of useful information for builders and contractors 

With its aid the prices for all work connected with the building trade may be esti- 
mated. " — Building News, 

** Carefully revised, admirably arranged, and clearly printed, it ofTers at a glance a 
ready method of preparing an estimate or specification upon a basis that is unquestion- 
able. A reliable book of reference in the event of a dispute between employer and 
employed. " — Engineer. 

"Mr. Burnell has omitted nothing from this work that could tend to render it 
valuable to the builder or contractor.' — Mechanu^s Magazine. 

** Well done and reliable. It is the duty of a just critic to point out where any 
improvement can be made in any work, but Mr. Burnell has anticipated all objections 
in his clearly-printed book. We therefore recommend it to all branches of the pro> 
fession." — English Mechanic. 

** It must find its place on the table of every civil engineer, builder, and contractor, 
as a standard work of reference." — Artizan. 

"Admirably arranged and clearly printed, vt offers ^ a ^axv.c« 9L.Teady method of jwe* 
paring an estimate or specification upon a basis tbat Vs \xac^ts,UOToX^O— ColWerj 
Cruari/ia/t. 
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NAVAL ARCHITECTURE, &C. 

• 

Ship-Building and Steam Ships. 

SH:P-BUILDING in iron and wood. By Andrew 
MuiRAY, M.I.C.E., Chief Engineer and Inspector of Machinery 
of l.M.'s Dockyard, Portsmouth; and STEAM SHIPS, by 
RoBtRT Murray, C.E., Engineer Surveyor to the Board of 
Tradb. Second Edition. In i vol., 4to, with 28 Plates and 
nume-ous Woodcuts, price 14J. cloth. 

** Indispei$able in the office of the naval architect, whether employing wood or 
iron." — Pradical Mechanics Journal. 

"Ought t(t be in the hands of every shipbuilder or shipwright."— iS'wffi^r^iK/ 
Herald. 

Naval Architecture, 

RUDIMENTS OF NAVAL ARCHITECTURE. Compiled 
for the Use of Beginners. By James Peake, formerly of the 
School of Naval Architecture, H.M, Dockyard, Portsmouth. 
Third Edtion, with many Illustrations, i2mo, cloth limp, price 3^. 

Principles of Ship Construction. 

ELEMENtARY AND PRACTICAL PRINCIPLES of the 
CONSTRUCTION OF SHIPS for OCEAN AND RIVER 
SERVICE. By Hakon A. Sommerfeldt, Surveyor to the 
Royal Norwtgian Navy. i2mo, cloth limp, price u. 

%* Atlas of Fifteen Plates to the above. 4to, price 7^. 6</. 

Masting, Rising of ShipSy &c. 

RUDIMENTARY TREATISE ON MASTING, MAST- 
MAKING, and RIGGING OF SHIPS. By Robert Kipping, 
N.A. loth Edition, Illustrated. i2mo, cloth limp, price is, 6<A 

Sail-Making. 

ELEMENTARY TREATISE ON SATL-MAKING ; with 
Draughting, and tKe Centre of Effort of the Sails. Also Weights 
and Sizes of Ropes, Masting, Rigging, and Sails of Steam Vessels, 
&c. By Robert Kipping, N.A. Seventh Edition, With 
numerous Woodcuts. i2mo, cloth limp, price 2s, 6d, 

Navigation^ &c. 

RUDIMENTARY TREATISE ON NAVIGATION ; the 
Sailor's Sea- Book. In Two Parts. Part I. — How to Keep the 
Log and Work it off, &c Part II.— On Finding the Latitude 
and Longitude. By Tames Greenwood, Esq., B.A. Fifth 
Editioi). With several Engraving ^ltv^ \?^»&\.TaJC\«^N& v<^ ^^^s^a^ 
of the Flags of Maritime Nations, lamo^ cSa'Oo.\\sscs^'»^'^^^'«- 
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Grantharyis Iron Ship-Buildings enlarged. 

ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlaiged from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, i2mo, cloth limp, also considerably enlarged, 
containing Descriptions, Explanations, and General Remarks, for 
the Use of Ship-owners and Ship-builders. By John Grantham, 
M. Inst. C.E., and Member of the Council of the Inst, of Naval 
Architects. Price 2/. 2s, complete, with Text. \jfust published. 



Description of Plates, 



z. 
2. 

3- 



4^ 
5. 

6. 



7- 
8. 



10. 



II. 
12. 



13- 

14. 
15. 

15/1. 

153. 



Hollow and Bar Keels, Stem and 
Stem Posts. [Pieces. 

Side Frames, Floorings, and Bilge 

Floorings coniimud — Keelsons, Deck 
Beams, Gunwales, and Stringers. 

Gunwales continued — Lower Declcs, 
and Orlop Beams. 

Gunwales and Deck Beam Iron. 

Angle-Iron, T Iron, Z Iron, Bulb 
Iron, as Rolled for Building. 

Rivets, shown in section, natural size ; 
Flush and Lapped Joints, with 
Single and Double Riveting. 

Plating, three plans ; Bulkheads and 
Modes of Securing them. 

Iron Masts, with Longitudinal and 
Transverse Sections. 

Sliding Keel, Water Ballast, Moulding 
the Frames in Iron Ship Building, 
Levelling Plates. 

Longitudinal Section, and Half- 
breadth Deck Plan of Large Vessels 
on a reduced Scale. 

Midship Sections of Three Vessels. 

Large Vessely showing Details — Fore 
End in Section, and End View, 
with Stem Post, Crutches, &c. 

Large FMJ^/,showing Details — After 
Rnd in Section, with End View, 
Stem Frame for Screw, and Rudder. 

Lar^e KiPjj^/, showing Details— ^«/- 
ship SectionAaXi breadth. 

Machines for Punching and Shearing 
Plates and Angle-Iron, and for 
Bending Plates ; Rivet Hearth. 

Beam-Bending Machine, Indepen- 
dent Shearing, Punching and Angle- 
Iron Machine. 

Double Lever Punching and Shearing 
Madhine, arranged for cutting 



16. 

x6a. 
»7- 

18. 
x8a. 

19. 
20. 

31. 

33. 

23. 

24- 

25. 
26. 

27. 

28. 
29. 

30- 

31. 

32. 

33- 
34. 
35- 



Anele and T Iron, w.th Dividing 
Table and Engine. 

Machines.'— ^ji9xiori!tC% Riveting Ma- 
chine, Drilling and Comter-Sinking 
Machine. 

Plate Planing Machine. 

Air Furnace for Heaong Plates and 
Angle-Iron : Variois Tools used in 
Riveting and Plating. 

Gunwale ; Keel and Flooring ; Plan 
for Sheathing with Copper. 

Grantham's Improved Plan of Sheath- 
ing Iron Ships witi Copper. 

Illustrations of the Magnetic Condi- 
tion of various Iron Ships. 

Gray's Floating G>mpass and Bin- 
nacle, with Adjusting Maniets, &c. 

Corroded Iron Bolt in Frame of 
Wooden Ship ; Jointing Plat^ 

Great i£aj/^r7f— Longitudinal Sec- 
tions and Half-breadth Plans. 

Great Eastern — Midship Section, 
with Details. 

Great Easterr, — Section in Engine 
Room, and Paddle Boxes. 

Paddle Steam Vessel of Steel. 
Ditto. Ditto. 

Scarirough—'Psiddlt Vessel of Steel. 

Proposed Paisenger Steamer. 
Ditto. Ditto. 

Persian — Iron Screw Steamer. 

Midship Ssction of H.M. Steam 
Frigate, IVarrior. 

Midship Section of H.M. Steam 
Frigate, Hercules. 

Stem, Stern, and Rudder of H.M. 
Steam Frigate, Bellerophon, 

Midship Section of H.M. Troop Ship, 
Serafis. 

Iron Floating Dock. 



** An enlarged edition of an elaborately illustrated work." — Builder^ July ii, x868. 

" This edition of Mr. Grantham's work has been enlarged and improved, both with 

respect to the text and the engravings being brought down to the present period. The 

original form is retained, so mat we have a handy volume of descriptive letterpress, 

whilst the plates — some of which are of a very large size — are botmd apart in a larger 

form. Mr. Grantham gives us the early history and the progressive stages of the 

science of iron ship-building, so written as to be easily understood. At the same time, 

thepractica\ operations required in producing a ship are described and illustrated with 

care and precision. We not only have the details ol xYve «iVav& iVvcmselves, but also 

(the particulars and drawings of the machines and looVs v«ed vn^Cttft v^wMsa cS. -^tq^njr.- 

^£- the various parts, "—Mechanic's Magasine^ JuVy xi , "v^^- . 
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CARPENTRY, TIMBER, &C. 

♦ 

TredgolcTs Carpentry. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 
a Tieatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. ; with Prac- 
tical Rules and Examples. To which is added an Essay on the Nature 
and Properties of Timber, including the Method of Seasoning, and 
the Ciuses and Prevention of Decay, with Descriptions of the Kinds 
of Wood used in Building ; also numerous Tables of the Scantlings 
of Timber for different purposes, the Specific Gravities of Materials, 
&c. By Thomas Tredgold, Civil Engineer. With 53 Engrav- 
ings, a Portrait of the Author, and several Woodcuts. Fourth 
Edition, corrected and considerably enlarged. Edited by Peter 
Barlow, F.R.S. In i large vol., 4to, 2/. 2j. in extra cloth. 

Grandys Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 
and BUILDER'S STANDARD GUIDE. By Richard E. 
Grandy. Comprising — For the Timber Importer and Merchant: 
An Analysis of Deal Standards, Home and Foreign, with compar- 
ative Values and Tabular Arrangements for Fixing Nett Landed Cost 
on Baltic and North American Deals, including all intermediate 
Expenses, Freight, Insurance, Duty, &c. ; also Practical Methods 
and Examples for Reduction, embracing Solid, Lineal, Numerical 
and Superficial Quantities, Prices, &c. ; with a great variety of other 
useful tabular matter. For the Retailer and Builder: Copious In- 
formation, with Tables setting forth Nett Cost of Material and Work- 
manship to Builder or Manufacturer, &c. ,&c. 1 2mo, price ^5, 6d, cloth. 

" The tables comprised in this work must afford material assistance to the timber 
merchant" — Mechanic's Magazine. 

"A handy little g^de to the timber trade. The information is very complete."— 
Dublin Builder. 

" Everything it pretends to be : built up gradually, it leads one from a forest to a 
trenail, and throws in, as a makeweight, a host of material concerning bricks, columns, 
cisterns, &c. — all that the class to whom it appeals requires." — English Mechanic. 



** The only dihiculty we have is to what is not in its pages. What we have tested 
of the contents, taken at random, is invariably correct." — Illustrated Builder^ s J oumaL 

Tables for Packing-Case Makers, 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. Compiled by William Richardson, Accountant, 
Author of ** The Calculator ; or, Timber Merchant's and Builder's 
Guide." Oblong 4to, cloth, price 3^. dd. 

** An excellently arranged series of tables, of great value to merchants, shippers, 
and shipowners." — Artizan. 

"Will save much labour and calculation to packing-case makers and those wKa ^ssa. 
p&ck'mg-cases. "—Grocer, 

"Invaluable labour-saving tables.**— /rvnmonger. 
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Nicholsons Carpenter s Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. \s, cloth. 

Dowsing^ s Timber Merchants Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PAN I ON ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, and the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred ; the Price per Cube Foot of Square Timber to any given 
Price per Load of 50 Feet ; the proportionate Value of Deals and 
Battens by the Standard, to Square Timber by the Load of 50 Feet ; 
the readiest mode of ascertainmg the Price of Scantling per Lineal 
Foot of any size, to any given Figure per Cube Foot. Also a 
variety of other valuable information. By William Dowsing, 
Timber Merchant. Second Edition. Crown 8vo, 3^. cloth. 

*' Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it, because such possession 
would, with use, unquestionably save a very great deal of time, and, moreover, ensure 
perfect accuracy in calculations. There is also another class besides these who ought 
to possess it ; we mean all persons engaged in carrying wood, where it is rec^uisite to 
ascertain its weight. Mr. Dowsing's tables provide an easy means of doing this* 
Indeed every person who has to do with wood ought to have it." — Hull Advertiser. 



MECHANICS, &c. 



Mechanics Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT ; comprising a great variety of the most 
useful Rules in Mechanical Science ; with numerous Tables of Prac- 
tical Data and Calculated Results. By W. Templeton, Author 
of **The Engineer's, Millwright's, and Machinist's Practical As- 
sistant." Ninth Edition, with the addition of Mechanical Tables 
for Operative Smiths, Millwrights, Engineers, &c. ; together with 
several Useful and Practical Rules in Hydraulics and Hydrody- 
namics, a variety of Experimental Results, and an Extensive Table 
of Powers and Roots. II Plates. i2mo, 5J. bound. 

'* As a text-book of reference, in which mechanical and commercial demands are 
judiciously met, Templeton's Companion stands unrivalled." — Mechanic^ sMagaxbu. 

"Admirably adapted to the wants of a very \xs^ class. It has met with great 
success in the engineering workshop, as "wc can testify *, aivdi V^ec^-a.-wi ^ ^sK^^-'Bass^ 
men who, in a great measure, owe.their rise in Me to OaisVittVevjoitV:*— Building Nc«», 
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Engineer s Assistant. 

THE ENGINEER'S, MILLWRIGHTS, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. Compiled and Arranged, with Original 
Matter, by W. Templeton, Author of " The Operative Mechanic's 
Workshop Companion." 4th Edition. i8mo, 2J'.6</. cloth. 

" A perfect vade tnecuni for all who are practically engaged in mechanical pursuits. 
So much varied information compressed into so small a space, and published at a price 
which places it within the reach of the humblest mechanic, cannot fail to command the 
sale which it deserves. With the utmost confidence we stamp this book with the appro- 
bation of the ' Mechanic's Magazine,' and having done so, conunend it to the attention 
of our readers." — Mechanic's Magazine. 

** To a practical engineer it must be of incalculable value.*' — Morning Herald. 

'I This work contains, in a connected and convenient form, admirably arranged and 
lucidly explained, all tne information likely to be immediately and lastingly useful to 
those whose interests it is designed to subserve." — Manufacturer and Inventor. 

** Every mechanic should become the possessor of the volume, and a more suitable 
present to an apprentice to any of the mechanical trades could not possibly be made." 
— Building News. 

Designings Measuring^ and Valuing, 

THE STUDENT'S GUIDE to the PRACTICE of DESIGN- 
ING, MEASURING, and VALUING ARTIFICERS' WORKS ; 
containing Directions for taking Dimensions, Abstracting the same, 
and bringing the Quantities into Bill, with Tables of Constants, 
and copious Memoranda for the Valuation of Labour and Materials 
in the respective Trades of Bricklayer and Slater, Carpenter and 
Joiner, Sawyer, Stonemason, Plasterer, Smith and Ironmonger, 
Plumber, Painter and Glazier, Paperhanger. With 43 Plates and 
Woodcuts. The measuring, &c., edited by Edward Dobson, 
Architect and Surveyor. Second Edition, with the Additions on 
Design, by E. Lacy Garbett, Architect ; together with Tables 
for Squaring and Cubing. In one vol., 8vo, 9^. extra cloth. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 200 inches in length, 
by I to 108 inches in breadth. Particularly recommended to Archi- 
tects, Surveyors, Engineers, Timber Merchants, Builders, Car- 
penters, Upholsterers, Coach Makers, Looking and Crown Glass 
Dealers, Painters, Stonemasons, &c. By James Hawkings. 
Fcp. 3^. 6</. cloth. 

Manufacture of Iron. 

IRON : its History, Properties, and Processes of Manufacture. 

By William Fairbairn, C.E., LL.D., F.R.S., &c. With 

numerous Woodcuts. New Edition, revised and enlarged. 8vo, 

price 9J. cloth. 

" A scientific work of the first class, whose chief merit lies in bringing the more 
important facts connected with iron into a small cQro.pas&) asvd vf\xivv\ t^ cotoc^x^nksc 
sion and the means of all persons engaged in Us tQajxv&atCXva«,sa2A..t q>x >asfc» — l/lecVwxiiwA *. 
Moffosine. 
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MATHEMATICS, &c. 

- ■ ♦ 

Gregory s Practical Mathematics, 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure ami Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
PureMathematics— comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general. 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
copious Logarithmic and other Tables. By Olinthus Gregory, 
LL.D., F.R.A.S. Enlarged by Henry Law, C.E. 4th Edition, 
carefully revised and corrected by J. R. Young, formerly Profes- 
sor of Mathematics, Belfast College ; Author of ** A Course of 
Mathematics," &c. With 13 Plates. Medium 8vo, i/. is, cloth. 

** As a standard work on mathematics it has not been excelled." — Artizan. 

*' The engineer or architect will here find ready to his hand, rules for solving nearly 
pvery mathematical difficulty that may arise in his practice. As a moderate acquaint- 
ance with arithmetic, algebra, and elementary geometry is absolutely necessary to the 
proper understanding of the most useful portions of this book, the author very wisely 
has devoted the first three chapters to those subjects, so that the most ignorant may be 
enabled to master the whole of the book, without aid from any other. The rules are in 
all cases explained by means of examples, in which every step of the process is clearly 
worked out." — Builder. 

" One of the most serviceable books to the practical mechanics of the country. . . . 
The edition of 1847 was fortunately entrusted to the able hands of Mr. Law, who 
revised it thoroughly, re-wrote many chapters, and added several sections to those 
which had been rendered imperfect by advanced knowledge. On examining the various 
and many improvements which he introduced into the work, they seem almost like a 
new structure on an old plan, or rather like the restoration of an old ruin, not only to 
its former substance, but to an extent which meets the larger requirements of modem 

times In the edition just brought out, the work has again been revised by 

Professor Young. He has modernised the notation throughout, introduced a few 
paragraphs here and there, and corrected the numerous typographical errors which 
have escaped the eyes of the former Editor. The book is now as complete as it i» 

fiossible to make it We have carried our notice of this book to a greater 
ength than the space allowed us justified, but the experiments it contains are so 
interesting, and the method of describing them so clear, that we may be excused from 
overstepping our limit. It is an instructive book for the student, and a Text- 
book for him who having once mastered the subjects it treats of, needs occasionally to 
refresh his memory upon them." — Building News. 

The Metric System, 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent. By C. H. 
DowLiNG, C. E. 8vo, lor. 6^. strongly bound. 

" Mr. Dowling's Tables, which are well put together, come just in time as a ready 
reckoner for the conversion of one system into the other." — Atherutum. 

*' Their accuracy has been certified by Professor Airy, the Astronomer Royal.**— 

''Resolution 8. — That advantage will be derived ^tom \Vve T«»ut Dublication of 
Metric TAbles, by C if. Dowling, C.E."— i?<>oWo/ Section F.Brit«kA«ocitttiim» 
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Inwood'^ Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies ; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &c., together with Smart's Five Tables of Compound 
Interest, and an Extension of the same to lower and Intermediate 
Rates. By William In wood, Architect. The i8th edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Difficult Computations of the Interest of Money, Dis- 
count, Annuities, &c, by M. Fi:DOR Thoman, of the Societe 
Credit Mobilier of Paris. i2mo, &r. cloth. 

** This edition [the \%th) differs in many important particulars 
from former ones. The changes consisty first, in a more convenient 
and systematic arrangement of the original Tables^ and in the removed 
of certain numerical errors which a very careful revision of the whole 
has enabled the present editor to discover ; and secondly, in the 
extension of practical utility conferred on the work by the introduction 
of Tables now inserted for the first time. This new and important 
matter is all so much actually added to In wood's Tables ; nothing 
has been abstracted from the original collection : so that those who have 
been long in the habit of consulting In wood for any special profes- 
sional purpose willy as heretoforcy find the information sought still in 
its pages. 

" Those interested in the purchase and sale of estates, and in the adjustment of 
compensation cases, as well as in transactions in annuities, life insurances, &c., will 
find the present edition of eminent service." — Engineering^. 

"More than half a century has elapsed since the first edition was published, yet 
' Inwood's Tables' still maintain a most enviable reputation ; and when it is considered 
that the new issue, the Eighteenth edition, has been enriched by large additional 
contributions by Mr, F^dor Thoman, of the French Credit Mobilier, whose carefully 
arranged tables of logarithms for the more difficult computations of the interest of 
money, discount, annuities, &c., cannot fail to be of the utmost utility, its value will 
be appreciated. The introduction contains an admirable epitome of the principles of 
decimals, and an explanation of all that is necessary to render the elaborate tables in 
the book of thorouj^h utility to all consulting it. This new edition will certainly be 
referred to with quite as much confidence as its predecessors."— iW/««itg' Joumat. 

Compound Interest and Annuities, 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. With an elaborate Intro- 
duction. By FfeDOR Thoman, of the Societe Credit Mobilier, 
Paris. i2mo, cloth, 5^. 

" A very powerful work, and the Author has a very remarkable command of his 
%v^i\^cx.y— Professor A. de Morgan. 

" No banker, merchant, tradesman, or man of business, ought to be without Mr. 
Thoman's truly * hauidy-book.' "—Review. 

" The author of this ' handy-book ' deserves owe Oxar^is?'' —Insurance GaxeUe. 
" We recommend it to the nodce of aclxiaiies Mvdi 9LCCo>xtL\a3c>x&r — AiK«n«rwm. 
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SCIENCE AND ART. 



The Military Sciences, 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols, royal 8vo, extra 
cloth boards, and lettered, price 4/. lar. 

*' A compendious encyclopaedia of military knowledge, to which we are greatly in- 
debted." — Edinburgh Review. 

" The most comprehensive work of reference to the military and collateral sciences. 
Among the list of contributors, some seventy-seven in number, will be found names of 
the highest distinction in the services. . . . The work claims and possesses tiie great 
merit that by far the larger portion of its subjects have been treated originally by the 
practical men who have been its contributors. ' — Volunteer Service Gazette, 

Electricity, 

A MANUAL of ELECTRICITY ; including Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magno- Electricity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S., 
Lecturer on Chemistry at St. George's Hospital. Fourth Edition, 
entirely rewritten. Illustrated by 500 Woodcuts. In 1 large vol. 
8vo, price i/. 4J. cloth. 

CONTENTS OF PART I. 

Chap. I. — Statical or Frictional Electri- 
city. 
Chaps. II. and III. — Phenomena of Fric- 



tional Electricity. 
Chap. IV. — The Electrical Machine. 
Chap. V. — Accumulated Electricity. 
Chap. VI. — ^Atmospheric Electricity. 



Chap. VII. — Galvanic or Voltaic Elec- 
tricity. 
VI 



Chap. VIII. and IX—EflFects of the Vol- 
taic Current. 
Chap. X — Electro- Physiolo^. 
Chap. XI. — Thermo-Electricity. 
Chap. XII.— Theory of the Voltaic Pile. 



CONTENTS OF PART II. 



Chap. XIII. — Magnetism. 
Chap. XIV. — Magnetism {continued). 
Chap. XV. — Magnetism [continued). 
Chap. XVI. — Magnetism {continued). 
Chap. XVII. — Magnetism {continued). 



Chap. XVIII. — Electro-Magnetism. 
Chap. XIX — Magneto-Electricity. 
Chap. XX. — The Electric Telegraph. 
Chap. XXI. — Diamagnetism. 
Chap. XXII. — Magnetic Hypotheses. 



" This publication fully bears out its title of ' Manual.' It discusses in a satisfactory 
manner electricity, frictional and voltaic, thermo-electricity, and electro-i^ysiology. 
To diffuse correct views of electrical science, to make known the laws by which this 
mysterious force is regulated, which is the intention of the Author, is an important 
task. ' ' — A thenamm. 

** Dr. Noad's Manual, in some departments of which he has had the counsel and 
assistance of Mr. Faraday, Sir William Snow Harris, Professor Tyndall, and others, 

fiving an additional sanction and interest to his work, is more than ever worthy of 
eing received with favour by students and men of science. The style in wUch tt is 
written is very exact and clear.'* — Literary Gazette. 

*' It is worthy of a place in the library of every public institution, and we have no 

doubt it will be deservedly patronised by the scientific conununity." — Mining youmal, 

/'The commendations already bestowed in the pages of the Lancet on the former 

editions of this work are more than ever merited by uve ptesctvx.. TVve accoimts given 

o/" electncity and grulvanism are not only complete m a sc\en.X)iSu: s«SQs^\3raL\.,'<«\a!Sk\&v 

rarer thing, are popular and interesting."— /-a«cr/. 
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Text-Book of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY: in- 
eluding Magnetism, Voltaic Electricity, Electro- Magnetism, Dia- 
magnetism, Magneto-Electricity, Thermo-Electricity, and Electric 
Telegraphy, Being a Condensed Resume of the Theory and Ap- 

f)lication of Electrical Science, including its latest Practical Deve- 
opments, particularly as relating to Aerial and Submarine Tele* 
graphy. By Henry M. Noad, Ph.D., Lecturer on Chemistry at 
St. George's Hospital. Post 8vo, 400 Illustrations, \2s. 6d, cloth. 

\* In carrying out the design of this work, the author has availed 

himself both of the matter {in a condensed form) and of the illustrations 

of his ** Manual of Electricity ;" bid the present volume will be found 

to contain much additional and important information^ {with many 

new illustrations), which has become available since the publication 

of his larger work, 

*' We can recommend Dr. Noad's book for clear style, great range of subject, a good 
index, and a plethora of woodcuts. Such collections as the present are iiidispensable.** 
— A thenteuin. 

" A most elaborate compilation of the facts of electricity and magiietism, and of the 
theories which have been advanced concerning them." — Popular Science Review, 

" Clear, compendious, compact, well illustrated, and well printed, this is an excel- 
lent manual." — Lancet. 

'* We can strongly recommend the work, as an admirable text-book, to every student 
— beginner or advanced — of electricity." — Engineering. 

" The most complete manual on the subject of electricity to be met with." — Observer. 

" Nothing of value has been passed over, and nothing given but what will lead to a 
correct, and even an exact, knowledge of the present state of electrical science."-^ 
Mechanics Magazine. 

" We know of no book on electricity containing so much information on experi- 
mental facts as this does, for the size of it, and no book of any size that contains so 
complete a range of faiCts."— English Mechanic. 

Chemical Analysis, 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of ** Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
"Treatise of Chemical Analysis." Illustrated with Woodcuts. 
Second and cheaper Edition, post 8vo, 9^. cloth. 

"We recommend this book to the careful perusal of every one ; it may be truly 
affirmed to be of universal interest, and we strongly recommend it to our readers as a 
guide, alike indispensable to the housewife as to the pharmaceudcal practitioner." — 
Medical Times, 

" A volume of surpassing interest^ in which the Author describes the character and 
properties of 400 different articles of commerce, the substances by which they are too 
frequently adulterated, and the means of their detection." — Mining JoumcU. 

'* The very best work on the subject the English press has yet produced." — Me- 
chanU^s Magazine. 

Practical Philosophy. 

A SYNOPSIS of PRACTICAL PHILOSOPHY. By the Rev, 
John Cakr, M.A., lateFeWo^w oiTivcuCQj^^C^KJssev^^si^. '^^^^c^ 
Edition, i8mo, 5j, clotli. 
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Science and Art, 

THE YEAR-BOOK of FACTS in SCIENCE and ART ; ex- 
hibiting the most important Improvements and Discoveries of the 
Past Year in Mechanics and the Useful Arts, Natural Philosophy, 
Electricity, Chemistry, Zoology and Botany, Geology and Mine- 
ralogy, Meteorology and Astronomy. By John Times, F.S.A., 
Author of "Curiosities of Science," "Things not Generally 
Known," &c. With Steel Portrait and Vignette. Fcap. price 5j. 
cloth. 



« « 

» 



This work, published annually, records the proceedings of the 
principal scientific societies, and is indispensable to all who wish to 
possess a faithful record of the latest novelties in science and the arts. 

The back Volumes, from 1861 to 1868, each containing a Steel 
Portrait, and an extra Volume for 1862, with Photograph, may still 
be had, price 5j. each. 

'^ Persons who wish for a concise annual summary of important scientific events will 
find their desire in the 'Year Book of Facts.' " — Athetugum. 

" The standard work of its class. Mr. Timbs's ' Year Book ' is always full of sugges- 
tive and interesting matter, and is an excellent risumi of the year's progress in the 
sciences and the arts." — Builder. 

" A correct exponent of scientific progress .... a record of abiding interest. If 
anyone wishes to know what progress science has made, or what has been done in any 
branch of art during the past year, he has only to turn to Mr. Timbs's pages, and 
is sure to obtain the required inmrmation." — Mechanic's Magazine, 

" An invaluable compendium of scientific progress for which the public arc indebted 
to the untiring energy of Mr. Timbs." — Atlas. 

*' There is not a more useful or more interesting compilation than the * Year Book of 
Facts.' . . . The discrimination with which Mr. Timbs selects his facts, and the admi- 
rable manner in which he condenses into a comparatively short space all the salient 
features of the matters which he places on record, are deserving of great praise." — 
Railway Nevjs. 

Science and Scripture, 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— i. 
Alleged Discrepancies ; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso ; The Supematurally Impossible ; 6. The 
Age of the Fixed Stars — their Distances and Masses. By Professor 
J. R. Young, Author of "A Course of Elementary Mathematics," 
&c. &c. Fcap. 8vo, price 5j. cloth lettered. 

" Professor Young's examination of the early verses of Genesis, in connection with 
modem scientific hypotheses, is excellent." — English Churchman. 

*• Distinguished by the true spirit of scientific inquiry, by great knowledge, by keen 
logical ability, and by a style peculiarly clear, easy, and energetic." — Nonconformist. 

" No one can rise from its perusal without being impressed with a sense of the sin- 
gular weakness of modem scepticism.'*— jffa/>/w/ Magazine. 

" The author has displayed considerable learning and critical acumen in combating 

the objections alluded to The volume is one of considerable value, inas- 

jnucA as it contains much sound thought, and is calculated to assist the reader to dis- 
criminate truth from error, at least so far as a i^mte noxv^ v& %>SkV& to serrate them. 
The work, there fore, must be considei cd iobc & vakabVe coxtev\»i>iOTk.\ocwa>xw«»a!L- 
Ecological UteratuTe."— City Press, 
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Geology and Genesis Harmonised. 

THE TWIN RECORDS of CREATION; or, Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor Le Vaux. With numerous Illustrations. 
Fcap. 8vo, price 5^. cloth. 

" We can recommend Mr. Le Vaux as an able and interesting guide to a popular 
appreciation of geological science." — Spectator. 

"The author combines an unbounded admiration of science with an unbounded 
admiration of the Written Record. The two impulses are balanced to a nicety ; and 
the consequence is, that difficulties, which to minds less evenly poised, would be 
serious, find immediate solutions of the happiest kinds." — London Review. 

"Mr. Le Vaux very feawbly reconciles the two records." — Builder, 

" A most instructive and readable book. We welcome this volume as aiding in a 
most important discussion, and commend it to those interested in the subject." — 
Evangelical Magazine. 

"Vigorously written, reverent in spirit, stored with instructive geological facts, and 
designed to show that there is no discrepancy or inconsistency between the Word and 
the works of the Creator. The future of Nature, in connexion with the glorious destiny 
of man, is vividly conceived."— ^a/^A»?a«. 

"A valuable contribution to the evidences of Revelation, and disposes very con- 
clusively of the arguments of those who would set God's works against God's Word. 
No real difficulty is shirked, and no sophistry is left unexposed." — The Rock. 

Wood" Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, price 2s, 6d. 

" Tlie handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from 'A Lady's' publication."— ^A4^»<?«w. 

'* A real practical guide. It is very complete.**— Lilerary Churckman. 

" The directions given are plain and easily understood, and it forms a very good 
introduction to the practical part of the carver's art." — English Mechanic. 

" The writer of the little treatise before us deals very plainly and practically with 

her subject The illustrations are admirably drawn, nearly all the patterns being 

remarkable for their graceful ornamentation. We can confidently recommend the 
book to amateur wood-carvers." — Young Englishwoman. 



Popular Work on Painting. 



PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By Thomas John Gullick, 
Painter, and John Times, F.S.A. Second Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8vo, 6j. cloth. 

*»* This Work has been adopted as a Prize-book in the Schools 
of Art at South Kensington. 



(c 



A work that may be advantageously consulted. Much may be learned, even by 
those who fancy they do not require to be taught, from the careful perusal of this 
unpretending but comprehensive treatise." — Artjoumal. 

" A valuable book, which supplies a want. It contains a large amount of original 
matter, agreeably conveyed, and will be found of value, as well by the young artist 
seeking information as by the general reader. . We give a cordial welcome to the book, 
and augur for it an increasing reputation." — Builder, 

" This volume is one that we can heardVy TocomxafttA Xn ^ N<\tfi ^x^ ^^'esKwaSk ^ 
uaderstsuiding wbsLt they admire ixx a good paiatmg.^' — Daily News. 
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Delamotte^s Works on Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Deia- 
MOTTE. Small 4to, price 9J. Elegantly bound, cloth antique. 

" A handy book, beautifully illustrated ; the text of which is well written, and cal* 
culated to be useful. . . . The examples of ancient MSS. recommended to the student, 
which, with much good sense, the author chooses from collections accessible to all, are 
selected with judgment and knowledge, as well as taste." — Athemeum. 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIEVAL ; 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Text, large and small, German, Italian, Arabesque, Initials 
for Illumination, Monograms, Crosses, &c. &c., for the use of 
Architectural and Engineering Draughtsmen, Missal Painters, 
Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c. &c. &c. Collected and engraved by F. Delamotte, and 
t printed in Colours. Royal 8vo, oblong, price 45. cloth. 
"A well-known engraver and draughtsman has enrolled in this useful book the 



result of many years' study and research. For those who insert enamelled sentences 
round gilded chalices, who blazon shop legends over shop-doors, who letter church 
walls with pithy sentences from the Decalogue, this book will be useful'* — Atkemxum. 



EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque ; with several Original 
Designs, and an Analysis of the Roman and Old English Alpha- 
. bets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, 
Carvers, &c Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 4^. cloth. 

*' To artists of all classes, but more especially to architects and engravers, this very 
handsome book will be invaluable. There is comprised in it every possible shape into 
which the letters of the alphabet and numerals can be formed, and the talent which 
has been expended in the conception of the various plam and ornamental letters is 
wonderful. "—-Stafidard. 

MEDIEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte, Illuminator, Designer, and 
Engraver on Wood. Containing 21 Plates, and Illuminated Title, 
printed in Gold and Colours. With an Introduction by J. Willis 
Brooks. Small 4to, 6s, cloth gilt. 

" A volume in which the letters of the alphabet come forth glorified in gilding and 
all the colours of the prism interwoven and intertwined and intermingled, sometimes 
with a sort of rainbow arabesque. A poem emblazoned in these characters would be 
only comparable to one of those delicious love letters symbolized in a bunch of flowers 
well selected and cleverly arranged." — Sun. 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 

Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 

tical Devices, Mediaeval, and Modem Alphabets, and National 

Emblems. CoJJected and engraved \>7 ¥. Ti^\.KSRaTi^ and 

printed in Colours. Oblong royal &\o, 2s.e>d.*\Tv wv5ffljHvwv\s^\j«w^ 



WORKS PUBLISHED BY LOCKWOOD & CO. 



29 



AGRICULTURE, &c. 



Youatt and Burris Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. nth Edition, enlarged by 
Robert Scott Burn, Author of "The Lessons of My Farm," &c 
One large 8vo volume, 784 pp. with 215 Illustrations, i/. u. half-bd. 



CONTENTS. 



On the Brteding, Rearing, Fattening ^ 
and General Management ^Neat Cattle. 
— Introductory View of the different Breeds 
of Neat Cattle in Great Britain. — Com- 
parative View of the different Breeds of 
Neat Cattle. — General Observations on 
Biiying and Stocking a Fann with Cattle. 
—The Bull. —The Cow.— Treatment and 
Rearing of Calves. — Feeding of Calves for 
Veal. — Steers and Draught Oxen. — Graz- 
ing Cattle. — Summer Soiling Cattle. — 
Winter Box and Stall-feeding Cattle. — 
Artificial Food for Cattle. — Preparation 
of Food. — Sale of Cattle. 

On the Economy and Maftagenunt of 
the Dairy. — Milch Kine.— Pasture and 
other Food best calculated for Cows, as 
it regards their Milk. — Situation and 
Buildmgs proper for a Dairy, and the 
proper Dairy Utensils. — Management of 
Milk and Cream, and the Making and 
Preservation of Butter. — Making and Pre- 
servation of Cheese. — Produce of a Dairy. 
On the Breeding, Rearing, and Ma- 
nagement of Fartn-horses. — Introductory 
and Comparative View of the different 
Breeds of Farm-horses. — Breeding Horses, 
Cart Stallions and Mares. — Rearing and 
Training of Colts. — Age, Qualifications, 
and Sale of Horses. — Maintenance and 
Labour of Farm-horses. — Comparative 
Merits of Draught Oxen and Horses. — 
Asses and Mules. 

On the Breeding, Rearing, and Fat' 
tening of Sheep. — -Introductory and Com- 
parative View of the different Breeds. — 
Merino, or Spanish Sheep. — Breeding and 
Management of Sheep. — Treatment and 
Rearing of House-lam Ds, Feeding of Sheep, 
Folding Sheep, Shearing of Sheep, &c. 

On the Breeding, Rearing, and Fat- 
tening of Swine. — introductory and Com- 
parative View of the different Breeds of 
Swine. — Breeding and Rearing of Pigs. — 
Feeding and Fattening of Swine. — Curing 
Pork and Bacon. 



On the Diseases of Ca///<?.— Diseases 
Incident to Cattle — Diseases of Calves.-~f 
Diseases of Horses. — Diseases of Sheep. — 
Diseases of Lambs. — Diseases Incident to 
Swine. — Breeding and Rearing of Do- 
mestic Fowls, Pigeons, &c. — Palmipedes, 
or Web-footed kinds. — Diseases of Fowls. 
On Farm Offices and Implements 0/ 
Husbandry. — The Farm-house, the Farm- 
yard, and its Offices. — Construction of 
Ponds. — Farm Cottages. — Farm Imple- 
ments. — Steam Cultivation. — Sowing Ma- 
chines, and Manure Distributors. — Steam 
Engines, Thrashing Machines, Corn- 
dressing Machines, Mills, Bruising Ma- 
chines. 

On the Culture and Management of 
Grass Land. — Size and Shape of Fields. 
— Fences. — Pasture Land. — Meadow 
Land. — Culture of Grass Land. — Hay- 
making. — Stacking Hay. — Impediments 
to the Scythe and the Eradication of 
Weeds.— Paring and Burning. — Draining. 
I rr igation. — Warping. 

On the Cultivatum and Application 
of Grasses, Pulse, and Roots. — Natural 
Grasses usually cultivated. — Artificial 
Grasses or Green Crops. — Grain and 
Pulse commonly cultivated for their 
Seeds, for their Straw, or for Green 
Forage. — Vegetables best calculated for 
Animal Food. — Qualities and Compara- 
tive Value of some Grasses and Roots as 
Food for Cattle. 

On Manures in General, and th/tir 
Amplication to Grass Land. — Vegetable 
Manures. — Animal Manures. — Fossil and 
Mineral Manures.— Liquid or Fluid Ma- 
nures. — Composts. — Preservation of Ma- 
nures. — Application of Manures. — Flemish 
System of Manuring. — Farm Accounts, 
and Tables for Calculating Labour by the 
Acre, Rood, &c., and by the Day, Week, 
Month, &c. — Monthly Calendar of Work 
to be done throughout the Year. — Obser- 
vations on the Weather. — Index. 



*• The standard, and text-book, with the farmer and grazier. '*^F«rw«rr'* Magazine. 

" A valuable repertory of intelligence for all who make agriculture a pursuit, and 
especially for those who aim at keeping pace with the improvements of the age." — 
BelCs Messenger. 

"A rrearise which will remain a standard vroxV ou ^t waNsywX ^ \^^>st •»&'^^^!^ 
SLgriculture efldures. **-^Mark f^ane Express, 
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Scott Burn^ Introdtution to Farming. 

THE LESSONS of MY FARM : a Book for Amateur Agricul- 
turists, being an Introduction to Farm Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
and Pigs, and in the Keeping of Farm- work Records. By Robert 
Scott Burn, Editor of "The Year-Book of Agricultural Facts," 
**The Complete Grazier," and one of the Authors of **Book of 
Farm Implements and Machines," and **Book of Farm Buildings." 
With numerous Illustrations. Fcp. 6s. cloth. 

" A very useful little book, written in the lively style which will attract the amateur 
class to whom it is dedicated, and contains much sound advice and accurate descrip- 
tion. '* — A tkgtueufH. 

"There are many hints in it which even old farmers need not be ashamed to 
accept." — Morning Herald. 

'* A most complete introduction to the whole round of farming practice." — yofm 
BuU. 

" Never did book exercise a more salutary effect than ' My Farm of Four Acres.* 
Mr. Bum has followed suit in a very practical and pleasant little work." — Illustrated 
London News, 

Tables for Land Valuers, 

THE LAND VALUER'S BEST ASSISTANT: being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. To which are added. Tables for reducing Scotch, Irish, 
and Provincial Customary Acres to Statute Measure ; also. Tables 
of Square Measure, and of the various Dimensions of an Acre in 
Perches and Yards, by which the Contents of any Plot of Ground 
may be ascertained without the expense of a regular Survey ; Mis- 
cellaneous Information on English and Foreign Measures, Specific 
Gravities, &c. By R. Hudson, Civil Engineer, New EditioD, 
with Additions and Con^ctions, price 4J'. strongly bound. 

*^ This new edition includes tables for ascertaining the value of leases for any term 
of years ; and for showing how to lay out plots of ^ound of certain acres in forms, 
s<iuare, round, &c., with valuable rules for ascertainmg the probable worth of standing 
timber to any amount ; and is of incalculable value to the country gentleman and pro- 
fessional man." — Far met' s Journal. 

The Laws of Mines and Mining Companies. 

A PRACTICAL TREATISE on the LAW RELATING to 
MINES and MINING COMPANIES. By Whitton Arun- 
DELL, Attomey-at-Law. Crown 8vo. 4J. cloth. 

Auctioneer's Assistant, 

THE APPRAISER'S, AUCTIONEER'S HOUSE AGENTS, 

and HOUSE BROKER'S POCKET ASSISTANT; for the 

Valuatioiif Purchase, and the Renewing of Leases, Annuities, 

Reversions, and of Property generaUy •, Prices for Inventories, with 

a Guide to determine the Value oi l\ve luXenoTS, TYVNAsc^^'fe^^a^oi- 

ture, &c. By John Wheeler, Valuei, 2ivmo. dQiOcOwi*.x^^ -isv^ 
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Text-Book for Architects y Engineers, Surveyors, 
Land Agents, Country Gentlemen, &c. 

A GENERAL TEXT-BOOK for ARCHITECTS, ENGI- 
NEERS, SURVEYORS, SOLICITORS, AUCTIONEERS, 
LAND AGENTS, and STEWARDS, in all their several and 
varied Professional OccupaCtions ; and for the Assistance and 
Guidance of Country Gentlemen and others engaged in the Trans- 
fer, Management, or Improvement of Landed Property ; together 
with Examples of Villas and Country Houses. By Edward Ryde, 
Civil Engineer and Land Surveyor. To which are added several 
Chapters on Agriculture and Landed Property, by Professor 
Donaldson, Author of several works on Agriculture. With 
numerous Engravings, in one thick vol. 8vo,' price i/. &f. cloth. 
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Plane and Solid Gbomstrv. 

Mensuration. 

Trigonometry. 

Conic Sections. 

Land Measuring. 

Land Surveying. 

Levelling. 

Plotting. 

Computation of Areas. 

Copying Maps. 

Railway Surveying. 

Colonial Surveying. 

Hydraulics in connection with 

Drainage, Sewerage, and Water 

Supply. 



Timber Measuring. 

Artificers' Work. 

Valuation of Estates. 

Valuation of Tillage and Tenant 
Right. 

Valuation of Parishes. 

Builders' Prices. 

Dilapidations and Nuisances. 

The Law relating to Appraisers and 
Auctioneers. 

Landlord and Tenant. 

Tables of Natural Sines and Co- 
sines ; for Reducing Links into 
Feet, &c. &c. 

Stamp Laws. 

Examples op Villas, &c. 



To which are added Fourteen Chapters 
ON LANDED PROPERTY. By Professor Donaldson. 

Chap. I. — Landlord and Tenant' : their Position and Connections. 

Chap. IL — Lease of Land, Conditions and Restrictions; Choice of Tenant, 

and Assignation of the Deed. 
Chap. in. — Cultivation of Land, and Rotation of Crops. 
Chap. IV.— Buildings necessary on Cultivated Lands : Dwelling-houses, 

Farmeries, and Cottages for Labourers. 
Chap. V. — Laying out Farms, Roads, Fences, and Gates. 
Chap. VI. — Plantations, Young and Old Timber. 
Chap. VII. — Meadows and Embankments, Beds of Rivers, Water Courses, 

and Flooded Grounds. 
Chap. VIII. — Land Draining, Opened and Covered : Plan, Execution, and 

Arrangement between Landlord and Tenant. 
Chap. IX. — Minerals, Working, and Value. 
Chap. X. — Expenses of an Estate. 
Chap. XI. — ^Valuation of Landed Property ; of the Soil, of Houses, of Woods, 

of Minerals, of Manorial Rights, of Royalties, and of Fee 

Farm Rents. 
Chap. XII. — Land Steward and Farm Bailiff : Qualifications and Duties. 
Chap. XIII.-— Manor Bailiff, Woodrieve, Gardener, and Gamekeeper: their 

Position and Duties. 
Chap. XIV.— Fixed Days of Audit : Half-yeaTW P«^T&!a\X& «A.'«yes!C«s.,^wK^^\ 

Notices, Recdpts, and ol CaSci '&oo>&&^ ^^asxA^^-*^ ^\^** 
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3a WORKS PUBLISHED BY LOCKWOOD & CO. 



''A Complete Epitome of the Laws of this 
Country,'^ 

EVERY MAN'S OWN LAWYER ; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. 6th Edition, 
carefully revised, i2mo, price 6s, Sd, (saved at every consultation), 
strongly bound. 

Comprising the Rights and Wrongs of Individuals , Mercantile and Com- 
mercial Law^ Criminal Law, Parish Law, County Court Law.^ 
Game and Fishery Laws, Poor Metis Lawsuits, 

THE LAWS OF 



Bankruptcy. 

Bets and Wagers. 

Bills op Exchange. 

Contracts and Agreements. 

Copyright. 

Dower and Divorce. 

Elections and Registration. 

Insurancr. 

Libel and Slander^ 

Also 

Landlord and Tenant. 
Master and Servant. 
Workmen and Apprentices.. 
Heirs, Devisees, and Legatees. 
Husband and Wife. 
Executors and Trustees. 
Guardian and Ward. 
Married Women and Infants^ 
Partners and Agents. 
Lender and Borrower. 
Debtor and Creditor. 
Purchaser and Vendor. 
Companies and Associations. 
Friendly Societies. 
Cler^men, Churchwardens. 
Medical Practitioners, &c. 
**With the volume before 



Marriage and Divorce. 

Mortgages. 

Settlements. 

Stock Exchange Practice. 

Trade Marks and Patents. 

Trespass, Nuisances, etc. 

Transfer of Land, etc. 

Warranty. 

Wills and Agreements, etc. 

Law for 

Bankers. 
Farmers. 
Contractors. 

Stock and Share Brokers. 
Sportsmen. 
C^mekeepers. 

Farriers and Horse-Dealers. 
Auctioneers, House-Agents. 
Innkeepers, &c. 
Bakers, Millers, &c. 
Pawnbrokers. 
Surveyors. 

Railways and Carriers. 
Constables. 
Seamen, Soldiers. 
&c. &c. 



.ww^ ..X... Tv..u.»>, .^.v..>. us in hand, in which the principles of law, civil and 
criminal, 35 it bears on daily incidents and experience, are lucidly explained, without 
technicalities or the use of learned jargon, a man may, in nine cases out of ten, decide 
his own course of action, learn how to proceed for redress of wrongs, or recovery of 
rights, and save his pocket from the dreaded consultation fees and the incalculable 
bills of costs. Of a work so comprehensive it would be useless to attempt a recapitu- 
lation of the contents . . . Extremely well arranged, and carefully written, and fully 
realises its purpose and title." — Civil Service Gazette, May 23, 1868. 

" We have before now had occasion to speak to the many merits of this really useful 
work ... a reference to its pages will decide many a man as to whether he shall go 
to law or not. Seldom have we met with a book which has been so continually im- 
proved : the arrangement is admirable, the index complete, and the style clear, con- 
cise, and free from all useless technicalities . . . there is scarcely a case likely to arise 
but upon which a suitor may take an opinion." — Mark Lane Express, May 18, 1868. 

*• A very useful, clear, and concise digest of the Principles of Law and Equity, 
comprising the rights and wrongs of individuals in the general relations of life. On 
every point upon which we have consulted this work, and compared it with the larger 
and more expensive treatises, we have found it highly satisfactory as a work of autho- 
rity and reference^ and a handy-book of information. There is abundance of cheap 
and safe law in this work for all who want it." — Rock, May 26, 1868. 

"A dictionary of legal facts, well put together, and fairly complete. The book is a 
very useful one. "—S/ectator. 
" What it professes to be— a complete epitome o^ X\ve\aw%oi ^« cowtvVtj ,\5\oroughly 
intelligible to non-prafessional readers. The book. V& a Vv«cvA>j oTve x» \\aNfe-vft.x<sa^\- 
ness when some knotty point requires ready soVuU oti.**— -Beir> L ife. 

BRADBURY, JBVANS, AND CO., PWHTB.^. viHltOTUVM^^. 
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